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Technical Field 

[0001] The present invention relates to a novel peptide having the action of increasing the intracellular calcium con- 
centration or the activity of inducing secretion of growth hormone, wherein an amino acid in the peptide is modified. 
Further, the present invention relates to a method for obtaining said novel peptide and a method for producing the 
same, a gene coding said peptide or a precursor of said peptide, and a method for producing said peptide or a precursor 
of said peptide by use of said gene. Further, the present invention relates to a structural analogue of the novel modified 
peptide disclosed in the present invention, which binds to a receptor for a growth honnone secretion-inducing compound 
thereby exhibiting the action of increasing the intracellular calcium concentration or the activity of inducing secretion 
of growth honmone, as well as a method for producing the same. Further, the present invention relates to a pharma- 
ceutical composition or a growth promoter for animals comprising said peptide or said peptide analogue as an active 
ingredient, as well as an antibody to said peptide or a method of utilizing the same. 

Background Art 
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30 



[0002] Growth honnone (abbreviated hereinafter to GH) Is a proteinous hormone synthesized in adenohypophysis 
and indirec tly promotes growth of bone and differentiation of adipocytes and chondrocytes, and its secretion Is pro- 
moted by growth honm one-releasing honnone (GHRH) and inhibited by somatostatin [J. Kendrew, et al., Eds., The 
Encyclopedia of Molecular Biology (Blackwell Science Ltd., London , 1 994), p. 462]. GH has not only a growth-promoting 
action but also actions such as promotion of protein synthesis in various tissues, stimulation of transfer of depot fats 
and elevation of glycogen content in muscles, and a reduction in GH secretion induces dwarfism, while excessive 
secretion thereof induces gigantism or acromegaly [Iwanami's Dictionary of Biology, fourth edition, edited by Ryuichi 
25 Yasugi, et al. (Iwanami Syoten, Tokyo, 1997), p. 757]. 

[0003] Since human GH has been produced by genetic engineering, GH is used not only for treatment of dwarfism 
[J. O. Jorgensen, Endocr. Rev. 12, 189 (1991)], but also for treatment of other diseases, and its various effects were 
found [J. O. Jorgensen, etal., Homn. Res. 42, 235 (1994)]. For example, such effects include activation of reconstitution 
of osteoblasts and bone in the nonnal [K. Brixen. et al., Miner. Res. 5. 609 (1990)], enhancement of muscular strength 
and muscular amount in GH-deficient adults [R. C. Cuneo, et al.. J. Appl. Physiol. 70, 688 (1991)]. improvement of 
motility in GH-deficient adults [R. C. Cuneo. et al., J. Appl. Physiol. 70. 695 (1991)], remedy of heavy bums in children 
[D. N. Hemdon, et al., Ann. Surg. 212. 424 (1990)], its combined use with gonadotropins in induction of ovulation [R. 
Homburg. et al., Clin. Endocrinol. (OxO. 32, 781 (1990)], prevention of metabolic disorder by administration of pred- 
nisone [F F HortDer and M. W. Haymond, J. Clin. Invest. 86, 265 (1990)], promotion of T cell "education" in heavy 
35 immune disorder [W. J. Murphy, et aL, Proc. Natl. Acad. Sci. U. S. A. 89, 4481 (1992)], and the effect of inhibiting 
reduction of the body weight of the aged and the effect of enlarging adipose fat tissues and preventing demial atrophy 
[D. Rudman, et al, N. Engl. J. Med. 323, 1 (1990)]. 

[0004] Administration of recombinant GH is effective for promotion of growth in children and nomialization of defects 
in metabolism and functions accompanying GH-def iciency in adults, but there are problenns that GH has dose-restricting 
side effects, cannot be orally administered and is expensive [B. A. Lefker, et al., in Growth Hormone Secretagogues 
in Clinical Practice, B. B. Bercu and R. F Walker, Eds. (Marcel Dekker, Inc., New Yoric, 1998), pp. 107-108]. Many 
adult patients suffer from side effects such as arthralgia and a carpal tunnel syndrome considered to be attributable 
to pool of excess sodium and humor, so that GH administration cannot be continued [E. Corpas, et al., Endocr. Rev. 
14, 20 (1 993)]. These side effects are con-elated with a non-physiological pattern of homione secretion by GH admin- 
istration, and in GH administration, the pulsatlllty of nonnal GH secretion cannot be imitated [B. A. Lefker, et al., in 
X Growth Honnone Secretagogues In Clinical Practoce, B. B. Bercu and R. F Walker, Eds. (Marcel Dekker, Inc New 

York, 1998), pp. 107-108]. 

[0005] The pulsatility of in vivo GH secretion is established basically by interaction between two regulating factors 
derived from hypothalamus; that is, GHRH and somatostatin act on pituitary gland to regulate GH secretion [G. S. 
Tannenbaum and N. Ling, Endocrinology 115, 1952 (1984), R. G. Clark and I. C. Robinson, Endocrinology 122, 2675 
(1988)]. The nomrial pattern of GH secretion differs during the day and night, and during the night, a larger amount of 
GH is released more frequently. The amplitude of GH release pulse is further regulated by feedback by various steroid 
homiones, neurotransmitters, GH and insulin-like growth factor, by nutritional status, sleep and motility [J. S. Strobl 
and M. J. Thomas, Pharmacol. Rev 46, 1 (1994)]. 

[0006] To overcome the side effects caused by GH administration, a large number of compounds having a GH se- 
cretion-inducing action were synthesized, and as growth honmone secretagogue (GHS), their structural activity corre- 
lation, their phanmacology and clinical applications were extensively studied. First, peptides such as GHRP-6 (Growth 
Homnone-Releasing hexapeptide) were synthesized and developed as therapeutic agents for treating disorders attrib- 
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utable to deficiency or reduction in GH [C, Y. Bowers, et al., Endocrinology 114, 1537-1545(1984)]. However, because 
these peptide compounds could demonstrate their effect through intravenous injection only, non-peptide compounds 
having low-molecular weight capable of oral administration were developed [R. G. Smith, et al., Science 260, 1 640-1 643 
(1993)], and some of them have advanced to a phasell clinical test [A. A. Patchett, et al.. Proc. Natl, Acad. Sci. U.S. 

5 A. 92, 7001-7005 (1995)]. 

[0007] A series of Information transfer from signal reception of receptor to functional expression is called signal 
transduction, and the signal transduction system coupled with G protein proceeds in the following mechanism [iwan- 
ami's Dictionary of Biology, fourth edition, ed. by Ryuichi Yasugi, et al., pp. 555-556 (Iwanami Syoten, Tokyo. 1997)]. 
This G protein coupled system has a receptor with seven transmembrane domains and is divided into a cAMP system 

10 for producing cAMP as a second messenger and inositol-1 .4.5-triphosphoric acid (IP3) and diacyl glycerol (DG) inositol 
phospholipid infomiation transduction system. The cAIVIP activates cAMP-dependent kinase (A kinase), to cause phos- 
phorylation of serine and threonine residues In functional protein to modify its activity. On the other hand, IP3 binds to 
IPS receptor on endoplasmic reticulum to promote release of calcium ions, while DG activates C kinase to promote 
the action of hormones etc. 

15 [0008] The mechanism of increasing the intracellular calcium ion concentration In the signal transduction system 
with IPS or DG as second messenger [J. Kendrew, et al.. Eds., The Encyclopedia of Molecular Biology (Blackwell 
Science Ltd.. London, 1 994), p.1 36-1 37] is as follows: When a ligand binds to the receptor, phospholipase G is activated 
via G protein, to covert PIP2 into IP3- By IP3. calcium ions pooled in endoplasmk: reticulum (ER) as intracellular granule 
are released into cytoplasm, thus increasing calcium ion levels in the cytoplasm. If IP3 or calcium ions are present in 

20 the cytoplasm, the calcium is incorporated again Into the endoplasmic reticulum, thus lowering calcium ion levels in 
the cytoplasm. That is, the binding of the ligand to the receptor causes a transient increase in cateium ion levels in the 
cytoplasm. 

[0009] Since GHS acts synergistically on the GH secretion and increase of intracellular cAMP levels by GHRH [K. 
Cheng, et al., Endocrinology 124, 2791-2798 (1989)] and the binding of GHRH to the receptor induces production of 

25 cAMP as second messenger while GHS induces an increase in the intracellular calcium ion concentration, it was 
suggested that the woridng mechanism of GHS is differentf rom that of GHRH [J. Herrington and B, Hille. Endocrinology 
1 35. 1 1 00-1 1 08 (1 994).], and GHS was supposed to bind to a receptor different than GHRH receptor. Actually, a gene 
foTa receptor to which GHS is bound was cloned, and from the result of Northern analysis, it was found that GHS 
receptor (GHS-R) is expressed in hypothalamus and brain pituitary gland, and that there is 90 % or more homology 

30 between the amino acid sequences of porcine- and human-derived GHS receptors [A. D. Howard, et a!., Science 273. 
974-977 (1 996)]. However, an endogenous ligand that binds to GHS-R has not been isolated, and this GHS-R was an 
orphan receptor whose ligand was not evident. 

[001 0] In some cases, fatty acids such as myristic acid, geranic acid, palmitoyi acid or famesyl acid are bound to the 
amino-terminal of a certain protein or to side chains of its amino acid residues, and the role of these fatty acids is 

35 anchoring such fatty acid-modified protein to cell membrane [J. Kendrew, et al.. Eds., The Encyclopedia of Molecular 
Biology (Blackwell Science Ltd., London, 1994), p.616]. In such fatty acid-modified protein, the fatty acid binds to a 
cysteine residue via S-acyl linkage, and neither an amino acid having fatty acid bound to serine residue via O-acyl 
linkage, such as the endogenous GHS disclosed in the present invention, nor protein or peptide containing such fatty 
acid-modified amino ackJ, is known. Neither is it known for which the peptide containing such fatty acid-modified amino 

40 acid functions as a ligand for any receptor. 

Disclosure of Inventton 

[0011] Before the present invention is described in detail, temns are defined as follows: 

45 

The term "peptide" refers to a compound comprising a plurality of amino acids linked therein via peptide linkages. 
Here, the amino acid (also called an amino acid residue) includes naturally occumng amino acids represented by 
fonnula: NH2-CH(R')-COOH, wherein R' Is a naturally occurring substituent group, as well as its D, L-optical isomers 
etc. 

50 

[0012] There is also a peptide, wherein a certain naturally occurring amino acid is replaced by a modified amino acid 
(also called a modified amino acid residue). The modified amino acid includes the amino acids of the above fonnula 
wherein the substituent group R* is further modified, its D, L-optbal isomers thereof, and non-natural amino acids 
wherein e.g. various substituent groups are bound to the substituent group R' of the above fonnula via or not via an 
55 ester, ether, thioester, thioether, amide. cartDamide or thiocarbamide linkage. The modified amino acid also includes 
non-natural amino acids whose amino groups are replaced by lower alkyi groups. 

[0013] The terms "peptide analogue" refer to a compound wherein at least one amino acid in a peptide is replaced 
by a non-amino acid compound, and thus at least one linkage of said substituent compound to the peptide analogue 
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is not a peptide linkage. 

[001 4] Further, those compounds derived from these peptides and peptide analogues by modifying the amino-ter- 
minal and/or carboxyl-temiinal thereof are referred to as derivatives. And the peptides, peptide analogues and deriv- 
atives thereof are referred collectively to as °peptide-type compound". 

[0015] In the amino acid sequence set forth in SEQ ID NO: 2. an amino acid sequence of the 1st to 4th amino acids 
refers to Gly Ser Ser Phe, 

an amino acid sequence of the 1st to 5th amino adds refers to Gly Ser Ser Phe Leu, 
an amino acid sequence of the 1st to 6th amino adds refers to Gly Ser Ser Phe Leu Ser, 
an amino acid sequence of the 1st to 7th amino adds refers to Gly Ser Ser Phe Leu Ser Pro 
an amino acid sequence of the 1 st to 8th amino adds refers to Gly Ser Ser Phe Leu Ser Pro Glu 
an amino acid sequence of the 1st to 9th amino adds refers to Gly Ser Ser Phe Leu Ser Pro Glu His and 
an amino acid sequence of the 1st to 10th amino acids refers to Gly Ser Ser Phe Leu Ser Pro Glu His Gin 
[0016] The discovery of an endogenous ligand (endogenous GHS) which binds to GHS receptorto exhibit an activity 
for increasing the intracellular caldum ion concentration or for inducing GH secretion has been desired together with 
a method of utilizing the same. Further, a compound has been desired, which is a stmctural analogue of said endog- 
enous GHS and has an activity for increasing the intracellular calcium ion concentration or for inducing GH secretion 
Further, a pharmaceutical composition or a composition for promoting animal growth has been desired which com- 
pnses said endogenous GHS or its structural analogous Inducing pulsatile GH secretion thereby eliminating side effects 
by GH administration, as well as a therapeutic application using said composition. 

[001 7] The present inventors focused their attention on the fact that binding of the ligand to GHS receptor (GHS-R) 
causes a transient increase in the intracellular calcium ion concentration with inositol phospholipid as second messen- 
ger, and they screened extracts of various organs and tissues by using the activity of increasing the intracellularcalcium 
ion concentration (Ca-releasing activity) as an indicator in CHO cells (CHO-GHSR62) expressing GHS-R As a result 
the inventors found that stomach extracts of rat has a strong Ca-releasing activity, and successfully purified asubstanc^ 
having a strong Ca-releasing activity from the above extracts by various kinds of chromatography, and found that said 
substance is a novel peptide modified with fatty add, having a molecular weight of about 3.000. Further, they confirmed 
that said novel peptide promotes specific secretion of GH from cells of anterior pituitaiy, and found that said novel 
peptide IS an endogenous ligand for GHS-R. that is. an endogenous GH secretagogue (endogenous GHS) That is 
tlie first aspect of the present inventfon is directed to an endogenous GH secretion-indudng peptide having the adivilO 
of increasing the intracellular caldum ion concentration or the activity of inducing GH secretion, wherein a certain 
constituent amino acid residue is modified with fatty add. as well as a method for preparing said peptide 

T!lf ^'^^"^ inventors precisely analyzed the structure of the endogenous GH secretion-inducing peptide 
and found that said peptide is a peptide consisting of the amino acW sequence set forth In SEQ ID NO- 2 wherein the 
side-chain hydroxyl group of 3rd serine from the Amino-terminal has been acylated with fatty add. Further a human- 
denved GH secretion-indudng peptide was also purified from human stomach extract having a strong Ca-releasina 
actn^ity similar to that of rat stomach extract and analyzed for Its stmcture in the same manner as for rat-derived GH 
secretion-inducing peptide, and as a result the inventors found that the human-derived endogenous GH secretion- 
inducing peptide consists of the amino acid sequence set forth in SEQ ID NO: 3, wherein the side-chain hydroxyl qrouo 
of 3rd senne from the amino-tenninal has been acylated with fatty acid. Comparison between the amino acid sequenc^ 
whole human-derived endogenous GH secretion-indudng peptides revealed homology as high as 89 % as a 

[0019] Specifically, the rat- and human-derived peptides are identical in an amino acid sequence of the 1st to 1 0th 
ammo acids from ammo-terminal and in an amino add sequence of the 13th to 28th amino acids from amino-terminal 
but are different in the 11th to 12th amino acids which are lysine and alanine in the rat peptide, which are replaced bv 
arginine and valine in the human peptide, respectively. The rat-derived endogenous GH secretion-Inducing peptide 
was deaved with various proteases and its purified peptide fragments were measured for Ca-releasing actMtv and 
as a result, a peptide consisting of the 1st to 7th amino acids from amino-temiinal was the minimum peptide having 
the Ca-releasing activity. r- r- a 

[0020] By measurement of the Ca-releasing activity of chemically synthesized peptides, the Inventors found that the 
oc^t^'^K'jr? f ^^^"9 the Ca-releasing activity is a sequence consisting of 4 amino acids set forth in 

SEQ ID NO: 8. Further, the sequence consisting of 1 0 amino adds set forth in SEQ ID NO: 9 was consented in non- 
rat endogenous GH secretion-inducing peptides (each consisting of 28 amino acids) separated from human, porcine 
and bovine as well as in endogenous GH secretion-inducing peptides (each consisting of 27 amino acids) wherein 
one glutamine was deleted from the above peptides. 

[0021] That is, the second aspect of the present invention Is directed to a fatty add-modified peptide comprisinq the 
ammo acid sequence set forth in SEQ ID NO: 8, preferably the amino acid sequence set forth In SEQ ID NO- 1 and 
more preferably the amino acid sequence set forth in SEQ ID NO: 9 as the core sequence essential for eliciting the 
Ca-releasing activity. ^ 
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[0022] Endogenous GH secretion-inducing peptides were also isolated f romchicken. eel and frog, and these peptides 
were found to have a core sequence consisting of 4 amino acids set forth in SEQ ID NO: 8. 
[0023] In addition, an endogenous GH secretion-inducing peptide very similar to the rat endogenous GH secretion- 
inducing peptide was also isolated from frog. . . » ^ 
[00241 Further endogenous GH secretion-inducing peptides were also isolated from Xenopus laevis, rainbow trout 
\oncorhynchus mykiss). and dog. From rainbow trout, ghrelin-23 consisting of 23 amino acids and ghrelin-20 consisting 
of 20 amino acids were isolated respectively. .j » ^ 
[0025] The carboxyl-temiinal amino acid of eel ghrelin; rainbow trout ghrelin-23 and ghreiin-20 was amidated. 
[0026] Because an amino acid residue at the 3rd position from the amino-temnlnal in the endogenous GH secretion- 
inducing peptide from Xenopus laevis is threonine, the present invention also relates to a fatty add-modified peptide, 
which contains, as the core sequence essential for exhibiting the Ca-releasing actwity, a peptide wherein the amino 
acid residue 3rd serine was replaced by threonine in the amino acid sequence set forth in SEQ ID NO: 8. preferably 
the amino acid sequence set forth In SEQ ID NO: 1 and more preferably the amino acid sequence set forth in SEQ ID 

[00271 The endogenous fatty acid-modified peptide having GH secretion-inducing activity or the fatty acid-modified 
peptide consisting of said core sequence, disclosed in the present invention, also provides a guideline for designing 
a compound having Ca-releasing activity. 

[0028] That is in the third aspect of the present invention, a novel compound having Ca-releasing activity is obtained 
by synthesizing a stmctural analogue of said fatty acid-modified peptide by confirming the Ca-releasing activity of the 
resulting structural analogue. Accordingly, the present invention also encompasses a peptide or peptide analogue 
having the activity of increasing the intracellular calcium ion concentration, wherein a certain constituent amino acid 
is replaced by a modified amino acid or non-amino acid compound. 

[0029] A cDNA coding the endogenous GH secretion-inducing peptide was obtained in a usual manner. Each of rat 
and human cDNAs consists of 117 amino acids as shown in the amino acid sequences in SEQ ID NOS: 4 and 5, and 
the amino acid sequences of rat and human endogenous GH secretion-inducing peptides were identical in a sequence 
of 28 amino acids from the 24th to 51st positions from the amino-terminal. respectively. That is, it was revealed that 
the endogenous GH secretion-inducing peptide is synthesized as a precursor peptide consisting of 117 ammo acids, 
then a signal peptide consisting of amino-temiinal 23 amino acids is cleaved off and further carboxyl-temiinal 56 amino 
acids are cleaved off. whereby the fatty acid-modified peptide having GH secretion-inducing activity is formed. In ad- 
dition, a cDNA coding a precursor of the endogenous GH secretion-inducing peptide consisting of 28 ammo acids was 
also found in porcine. . 
[0030] Further, a cDNA coding a precursor for the endogenous GH secretion-inducing peptide consisting of 27 ammo 

acids was found in porcine. . . j • »• , 

[0031] Further, a partial cDNA coding a precursor for the endogenous GH secretion-inducing peptide consisting of 

35 27 amino acids was found in bovine. , . ^ • . 

[0032] Further a cDNA coding a precursor of the endogenous GH secretion-inducing peptode was also found in eel, 
Xenopus laevis and rainbow trout. From rainbow trout, a cDNA coding a precursor of ghrelin-23 consisting of 23 amino 
acids and a cDNA coding a precursor of ghrelin-20 of 20 amino acids were isolated respectively. 
[0033] Accordingly, the fourth aspect of the present invention lies in a cDNA coding a precursor of the endogenous 

40 GH secretion-Inducing peptide, as well as a method for producing a peptide as a starting material of the fatty acid- 
modified peptide or peptide analogue having Ca-releasing activity, which comprises using said cDNA. 
[0034] In purification of the endogenous GH secretion-inducing peptide (ghrelin) composed of 28 amino acids from 
rat stomach extract, a peptide recovered as a minor fraction was analyzed, and as a result a peptide consisfang of 27 
amino acids (ghrelin-27). which is a peptide of ghrelin from which 13th or 1 4th glutamine had been deleted, was found. 

45 Ghrelin-27 has completely the same Ca-releaslng activity and GH secretion-Inducing activity as those of ghrelin con- 
sisting of 28 amino acids, and ghrelln-27 Is an endogenous GH secretion-Inducing peptide, and thus ghrelin-27 also 
falls under the scope of the present invention. 

[0035] The nucleotide sequence coding 13th and 14th glutamine in ghrelin is gca gca, which is a temninal exon 
sequence to be subjected to mRN A splicing, thus suggesting the possibility of formation of a cDNA from which one of 

50 two codons for glutamine residues was deleted by different splicing. Actually, a cDNA coding a precursor peptide of 
qhrelin-27 consisting of 27 amino acids was found in screening of rat and human cDNA libranes. 
[0036] That is it was revealed that rat and human ghrelin-27 peptide is synthesized as a precursor peptide consisting 
of 11 6 amino acids sat forth in SEQ ID NO: 12 or 13, then a signal peptide consisting of amino-temilnal 23 ammo acids 
is cleaved off and further caiboxyl-terminal 56 amino acids are cleaved off, whereby a fatty acid-modified peptide 

55 consisting of 27 amino acids having GH secretion-inducing activity (ghrelin-27) is fomned. 

[0037] Further, a cDNA coding a precursor of ghrelin-27 peptide was found in porcine and bovine, and the presence 
of ghrelln-27 and its precursor was conflmned in these animals. 

[0038] That is. the present Invention also encompasses ghrelin-27 peptide consisting of an amino acid sequence 
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set forth in SEQ ID NOS: 10, 11 , 17 and 22, a ghrelin-27 precursor peptide having an amino acid sequence set forth 
inSEQ ID NOS: 12, 13, 19 and 23, an d a cDN A coding said precursor peptide which connprises a nucleotide sequence 
set forth in SEQ ID NOS: 14, 15. 21 and 24. 

[0039] The fatty acidnnodrf ied peptide having Ca-releasing activity and the peptide-type compound such as peptide 
5 analogue having Ca-releasing activity as disclosed in the present invention also provide a pharmaceutical composition 
for treating diseases attributable to defect or decrease in GH. Said pharmaceutical composition can be used to treat 
any diseases against which the GH administration is effective, and various side effects caused by GH administration 
can be overcome. Further, said phannaceutical composition can also be used as an animal drug such as a growth- 
promoting agent for animals. 

10 [0040] Because the peptide-type compound of the present Invention has an appetite-promoting action by adminis- 
tration into ventricle and intravenous administration, and thus it can be used as an appetite promoting agent for treating 
loss of appetite or sitophobia. In addition, the present peptide-type compound has a stomach motility- and gastric acid 
secretion-promoting action, and thus it can also be used as an agent for treating stomach functional diseases such as 
non-ulcer indigestion, sudden light stomach atony, functional indigestion, and reflux esophagitis. Further, the present 
peptide-type compound exhibits a cell growth-promoting action in bone marrow, duodenum and jejunum by intravenous 
administration, and thus it can be used as an agent for protecting mucous membrane on intestinal tract, an agent for 
preventing damage to mucous membrane on small intestine during intravenous nutrition and an agent for treating 
osteoporosis. 

[0041 ] The present invention also encompasses an antibody prepared by using the fatty acid-modified peptide having 
20 Ca-releasing activity disclosed in the present invention as an antigen, a method for measuring the endogenous GH 
secretion-inducing peptide by use of said antibody, and a measurement kit comprising said antibody. 
[0042] Further, the present invention encompasses an assay method for separating and quantifying ghrelin modified 
with a fatty acid and ghrelin from which the fatty acid was eliminated, which comprises using two antibodies built up 
to N- and carboxyl-temriinal peptides from ghrelin, the former antibody capable of recognizing fatty acid-modified 3rd 
25 serine, as well as an assay kit comprising a combination of the antibodies against N- and carboxyl-temriinal peptides 
from ghrelin. 

[0043] That is, the present Invention provides a novel peptide homnone having a novel modified amino acid i.e. 
acylated serine, and also provides a guideline for novel design of a compound having Ca-releasing activity with the 
structure of said peptide as a fundamental skeleton. 

30 [0044] Further, the elucidation of the mechanism of induction of GH secretion by the fatty acid-modified peptide 
disclosed in the present invention or by GH releasing hormone and somatostatin is suggested to be extendable not 
only to the mechanism of induction of GH secretion but also to the mechanism of regulating secretion of other hormones. 
The present invention discloses various functions of the fatty acid-modified peptide as a regulatory factor in the circu- 
latory system and the metabolic system, and the effect of the present invention extends to the elucidation of a new 

35 biological regulatory mechanism. 

[0045] Specifically, the present invention relates to: 

(1 ) A peptide-type compound, wherein in a peptide having the activity of increasing the intracellular calcium ion 
concentration, at least one amino acid is replaced by a modified amino acid and/or a non-amino acid compound, 

40 or a pharmaceutically acceptable salt thereof; 

(2) The peptide-type compound according to item (1), which comprises (a) an amino acid sequence set forth in 
SEQ ID NO: 2 or (b) an amino acid sequence having any one of amino acid sequences selected from the group 
consisting of 

45 (1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino acids 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8, 

50 (6) amino acid sequence of amino acids 1 to 9, and 

(7) amino acid sequence of amino acids 1 to 1 0 

from the amino-tenninal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 
outside said amino acid sequences, or a pharmaceutically acceptable salt thereof; 
55 (3) The peptide-type compound according to item (2) above, which connprises one amino acid sequence selected 

from the group consisting of amino acid sequences set forth in SEQ ID NOS: 3, 4, 5, 8, 9, 10, 11, 12, 13, 16, 17, 
1 8, 1 9, 22 and 23, or a pharmaceutically acceptable salt thereof; 

(4) The peptide-type compound according to item (2) above, which comprises one amino acid sequence selected 
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from the group consisting of amino add sequences set forth in SEQ ID NOS: 25, 26. 29. 30, 31 , 32. 34 and 35. or 
a phamiaceutically acceptable salt thereof; , , . . 

(5) A peptide-type compound, wherein in a peptide having the activity of increasing the intracellular calcium ion 
concentration and the activity of inducing secretion of growth honmone. (a) constitutional amino acids are modified 
or not modified and (b) at least one amino acid is replaced or not replaced by a non-amino acid compound, or a 
pharmaceutically acceptable salt thereof; 

(6) The peptide-type compound according to item (1) or (5) which comprises amino acid sequences set forth in 
SEQ ID NOS: 27. 28 and 33, or a phannaceuticalty acceptable salt thereof; 

(7) The peptide-type compound according to item (5), which comprises (a) an amino acid sequence set forth in 
SEQ ID NO: 2 or (b) an amino acid sequence having any one of amino acid sequences selected from the group 
consisting of 

(1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino acids 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8, 

(6) amino acid sequence of amino acids 1 to 9, and 

(7) amino acid sequence of amino acids 1 to 1 0 

from the amino-terminal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 
outside said amino acid sequences, or a phannaceutically acceptable salt thereof; 

(8) The peptide-type compound according to item (7) above, which comprises one amino acid sequence selected 
from the group consisting of amino acid sequences set forth in SEQ ID NOS: 3, 4. 5, 8. 9, 10, 11 , 12, 13, 16. 17, 
18 19 22 and 23, or a pharmaceutically acceptable salt thereof; 

(9) The peptide-type compound according to item (7) above, which connprises one amino acid sequence selected 
from the group consisting of amino acid sequences set forth in SEQ ID NOS: 25. 26, 29. 30, 31 , 32, 34 and 35, or 
a pharmaceutically acceptable salt thereof; 

(10) The peptide-type compound according to item (1) or (5) above, whose amino-terminal amino acids 1 to 4 are 
represented by formula: 



A-B-C-D- 



wherein the symbol A is either an amino acid or a non-amino acid compound, or is missing, and the symbol B is 
either an amino acid or a non-amino acid compound, or is missing, provided that the length of the A + B molecular 
chain is a dipeptide length, and the symbol G or the symbol D may be the same or different and represents (a) a 
modified amino acid, (b) an amino acid having a hydrophobic residue, or (c) an amino acid having a basic side 
chain or a pharmaceutically acceptable salt thereof; 

(11) The peptide-type compound according to item (10). wherein the symbol C is a modified amino acid in which 
(a) a saturated or unsaturated alkyi chain containing one or more carbon atoms was introduced at the a carbon 
atom of the amino acid via or not via an alkylene group containing one or more cartoon atoms and via an ester, 
ether thioether. amide or disulfide linkage, or (b) a saturated or unsaturated alkyI chain containing one or more 
cari3on atoms was introduced at the a cartoon atom of the amino acid, and the symbol D is an amino acid having 
a hydrophobic residue, or a pharmaceutically acceptable salt thereof; 

(12) A peptide-type compound, wherein In one amino acid sequence selected from the group consisting of amino 
acid sequences set forth in SEQ ID NOS: 2. 3, 9. 1 0, 1 1 . 1 6, 1 7. 22, 25. 26, 27, 28. 29. 30 and 31 . an amino acid 
sequence of amino-temiinal amino acids 1 to 4 is replaced by the structure of the peptide-type compound described 
in item (10) or (11), or a phamnaceutically acceptable salt thereof; 

(13) The peptide-type compound according to item (1). (2). (3), (5). (7) or (8) above, wherein the modified amino 
acid is an amino acid at the 3rd position from the amino-terminal, or a phannaceutically acceptable salt thereof; 

(14) The peptide-type compound according to item (13), wherein the amino acid in the modified amino acid is 
serine or cysteine, or a pharmaceutically acceptable salt thereof; 

(15) The peptide-type compound according to item (1 ), (2), (3), (5), (7) or (8) above, which comprises a modified 
amino acid in which (a) a saturated or unsaturated alkyI chain containing one or more carbon atonns was introduced 
at the a carbon atom of the amino acid via or not via an alkylene group containing one or more cartDon atoms and 
via an ester, ether, thioester, thioether. amide or cartDamide linkage, or (b) H or a saturated or unsaturated alkyI 
chain containing one or more carbon atoms was introduced at the a carbon atom of the amino acid, or a phamna- 
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ceutically acceptable salt thereof; 

(16) The peptlde-type compound according to item (1). (2), (4). (5), (6). (7), (9). (10) or (12) above, wherein the 
modified amino acid is an amino acid in which (a) a saturated or unsaturated alkyi chain containing one or more 
carbon atoms was introduced at the a carbon atom via or not via an alkylene group containing one or more carbon 
atoms and via an ester, ether, thioester, thioether, disulfide, amide, carbamide or thiocarbamide linkage, or (b) a 
saturated or unsaturated alkyI chain containing one or more carbon atoms was introduced at the a carbon, or a 
pharmaceutically acceptable salt thereof; 

(1 7) The peptide-type compound according to item (1 ), (2), (3), (5), (7) or (8) above, which comprises a modified 
amino acid modified with an ester linkage, or a phamiaceutically acceptable salt thereof; 

(18) The peptide-type compound according to item (1), (2), (4), (5). (6), (7), (9), (10), (11) or (12) above, which 
comprises a modified amino acid modified by conversion of a functional group in a side chain of said amino acid 
into an ester linkage, or a phamiaceutically acceptable salt thereof; 

(1 9) The peptide-type compound according to item (1 7) above, which comprises an amino acid having a fatty acid 
bound via an ester linkage to a side-chain hydroxyl group of said amino acid, or a phamiaceutically acceptable 
salt thereof; 

(20) The peptide-type compound according to item (1 8) above, which comprises an amino acid having a fatty acid 
bound via an ester linkage to a side-chain hydroxyl group of said amino acid or via a thioester linkage to a side- 
chain mercapto group of said amino acid, or a pharmaceutically acceptable salt thereof; 

(21) The peptide-type compound according to item (19) above, which comprises an amino acid to which a fatty 
acid containing 2 to 35 carbon atoms was bound, or a phamiaceutically acceptable salt thereof; 

(22) The peptide-type compound according to item (20) above, wherein the fatty acid contains 2 to 35 carbon 
atoms, or a phamnaceutically acceptable salt thereof; 

(23) The peptide-type compound according to item (21) above, which comprises an amino acid to which a fatty 
acid selected from the group consisting of fatty acids containing 2, 4, 6, 8, 10, 12, 14, 16 and 18 carbon atoms 
was bound, or a pharmaceutically acceptable salt thereof; 

(24) The peptide-type compound according to item (22) above, wherein the fatty acid is a fatty acid selected from 
the group consisting of fatty acids containing 2, 4, 6,8,10,12,14,16 and 1 8 carbon atoms, or a pharmaceutically 
acceptable salt thereof; 

(25) The peptide-type compound according to item (23) above, wherein the bound fatty acid is octanok: acid, a 
monoene fatty acid thereof or a polyene fatty acid thereof, or a pharmaceutically acceptable salt thereof; 

(26) The peptide-type compound according to item (24) above, wherein the fatty acid is octanoic ackJ. a monoene 
fatty acid thereof or a polyene fatty acid thereof, or a pharmaceutically acceptable salt thereof; 

(27) The peptide-type compound according to item (23) above, wherein the bound fatty add is decanoic acid, a 
monoene fatty acid thereof or a polyene fatty acid thereof, or a pharmaceutically acceptable salt thereof; 

(28) The peptide-type compound according to item (24) above, wherein the fatty acid is decanoic acid, a monoene 
fatty acid thereof or a polyene fatty acid thereof, or a phamiaceutically acceptable salt thereof; 

(29) A peptide-type compound comprising a basic amino acid bound to the cartDOxyl-terminal of a peptide-type 
compound described in items (1) to (28) above; 

(30) The peptide-type compound according to items (1 ), (2), (3), (5), (7). (8), (1 3), (14), (1 5), (1 7), (1 9), (21 ), (23), 
(25) and (27) above, wherein the amino-temninal is modified with a saturated or unsaturated alkyI or acyl group 
containing one or more carbon atoms, and/or a hydroxyl group of the carboxyl-tenninal carboxyl group is OZ or 
NR2R3 wherein Z is a phamiaceutically acceptable cation or a lower branched or linear alkyI group, and R2 and 
R3 are the same or different and represent H or a lower branched or linear alkyI group; 

(31) The peptide-type compound according to items (1): (2), (4), (5), (6), (7), (9), (10), (11), (12), (16), (18), (20), 
(22), (24), (26), (28) and (29) above, wherein the amino-tenminal amino group is modified by Introduciicn of a 
saturated or unsaturated alkyI or acyl group containing one or more carbon atoms, and/or a hydroxyl group of the 
carboxyl-temiinal carboxyl group is OZ or NR2R3 wherein Z is a phanmaceutically acceptable cation or a lower 
branched or linear alkyI group, and R2 and R3 are the same or different and represent H or a lower branched or 
linear alkyI group; 

(32) A peptide-type compound comprising a basic group introduced into a carboxyl-terminal amide derivative of a 
peptide-type compound described in item (30) or (31) above; 

(33) A phamiaceutteal composition comprising a peptide-type compound described in items (1) to (32) above or 
a phanmaceutically acceptable salt thereof as an active ingredient; 

(34) A phamiaceutical composition fortreatment of diseases attributable to a defect or decrease in growth hormone, 
which comprises a peptide-type compound described in items (1) to (32) above or a phanmaceutically acceptable 
salt thereof as an active ingredient; 

(35) A phamiaceutical composition for treatment of diseases not attributable to a defect or decrease in growth 
homione, which comprises an agent for treating diseases not attributable to a defect or decrease in growth hormone 
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and a peptide-type compound described in itenis (1) to (32) above or a phamiaceutically acceptable salt thereof; 

(36) A pharmaceutical composition according to items (33) to (35) above, which is applied to animals other than 
human beings; 

(37) A method for treatment of diseases attributable to a defect or decrease in growth hormone, which comprises 
5 administering a phamnaceutical composition comprising a peptide-type compound described in items (1) to (32) 

above or a pharmaceutically acceptable salt thereof as an active ingredient; 

(38) A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
administering an agent for treating diseases not attributable to a defect or decrease in growth homone and a 
peptide-type compound described in items (1) to (32) above or a phanmaceutically acceptable salt thereof; 

10 (39) The treatment method according to items (37) or (38), which is applied to animals other than human beings; 

(40) A DNA coding an amino acid sequence of a peptide-type compound described in items (1) to (32) above, 
which comprises a nucleotide sequence coding a peptide containing an amino add sequence recognizing at least 
one modifiable amino acid in the amino acid sequence encoded by said DNA; 

(41 ) The DNA according to item (40) above, wherein the nucleotide sequence is one nucleotide sequence selected 
15 from the group consisting of nucleotide sequences set forth in SEQ ID NOS: 6, 7, 14. 15, 20, 21 , 24, 36, 37, 38 

and 39; 

(42) The DNA according to item (40) above, wherein the nucleotide sequence is an amino acid-coding nucleotide 
sequence in one nucleotide sequence selected from the group consisting of nucleotide sequences setforth In SEQ 
ID NOS: 6, 7, 14, 15, 20, 21, 24, 36, 37, 38 and 39; 

20 (43) A vector comprising a DNA described in items (40) to (42) above; 

(44) Cells comprising the vector described in item (43) above; 

(45) Cells comprising a DNA described in items (40) to (42) above, wherein a peptide-type compound having an 
amino acid sequence encoded by said DNA can be produced as a peptide-type compound having at least one 
amino acid modified in said amino acid sequence; 

25 (46) An antibody against a peptide-type compound described in items (1) to (32) above; 

(47) A method for assaying a peptide-type compound described in items (1) to (32) above, which comprises using 
the antibody described in item (46) above to detect the peptide-type compound described in items (1 ) to (32) above; 

(48) A Icit for detecting a peptide-type compound described in items (1 ) to (32) above, which comprises using the 
antibody described in item (46) above to detect the peptide-type compound described in items (1) to (32) above; 

30 (49) A method for producing a peptide-type compound described in items (1 ) to (32) above by genetic recombination 

technology, which comprises transfomning a vector containing a DNA described In items (40) to (42) above into 
host cells capable of modifying a side chain of at least one amino acid in said peptide, then culturing the resulting 
transformed cells and recovering the desired peptide-type compound from the culture; 

(50) A method for producing a peptide-type compound described in items (1 ) to (32) above by genetic recombination 
35 technology, which comprises transforming a vector containing a DNA described in items (40) to (42) above into 

host cells, then culturing the resulting transformed cells and recovering the desired peptide-type compound from 
the culture, followed by chemically modifying an arbitrary amino acid thereof; 

(51) A method for producing a peptide-type compound described in items (19) to (28) above by genetic recombi- 
nation technology, which comprises using cells having the activity of binding a fatty acid via an ester linkage to a 

40 side-chain hydroxyl group of an amino acid or via a thioester linkage to a side-chain mercapto group of an amino 

acid in the peptide-type compound; 

(52) A method for producing a peptide-type compound described in items (19) to (28) above, which comprises 
using cells having the serine acylation activity of binding a fatty acid via an ester linkage to a side-chain hydroxyl 
group of serine in the amino acid sequence set forth in SEQ ID NO: 8; 

45 (53) A process for producing a peptide-type compound described in items (19) to (28) above, which comprises 

using cells having the acylation activity of binding a fatty acid via an ester linkage to a side-chain hydroxyl group 
of threonine in the amino acid sequence set forth in SEQ ID NO: 28; 

(54) A pharmaceutical composition for gene therapy for treatment of diseases attributable to a defect or decrease 
in growth homione, which comprises integrating a vector containing a DNA coding an amino acid sequence of a 

50 peptide-type compound described in items (1) to (32) above into cells In a living body and expressing a peptide 

with at least one modified amino acid, the peptide having the activity of increasing the intracellular calcium ion 
concentration; 

(55) A method for treatment of diseases attributable to a defect or decrease in growth honnone, which comprises 
integrating a vector containing a DNA coding an amino acid sequence of a peptide-type compound described in 

55 items (1) to (32) above into cells in a living body enabling a peptide having an amino acid sequence encoded by 

said DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino 
acid in said amino acid sequence, whereby a peptide having the activity of inducing growth honnone is expressed; 

(56) A phamiaceutical composition for gene therapy for treatment of diseases not attributable to a defect or de- 
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crease in grovsrth hormone, which comprises integrating a vector containing a DNA coding an amino acid sequence 
of a peptide-type compound described in items (1 ) to (32) above into cells in a living body and expressing a peptide 
with at least one modified amino acid, the peptide having the activity of increasing the intracellular calcium ion 
concentration; 

(57) A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
integrating a vector containing a DNA coding an amino acid sequence of a peptide-type compound described in 
items (1) to (32) above into cells in a living body enabling a peptide having an amino acid sequence encoded by 
said DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino 
acid in said amino acid sequence, whereby a peptide having the activity of inducing growth homnone is expressed. 

[0046] Specifically, the present invention also relates to: 



(1) A peptide-type compound, wherein in a peptide having the activity of increasing the intracellular calcium ion 
concentration, at least one amino acid is replaced by a modified amino acid and/or a no n -amino acid compound, 

IS or a pharmaceutically acceptable salt thereof ; 

(2) The peptide-type compound according to item (1) above, which comprises (a) an amino acid sequence set 
forth in SEQ ID NO: 2 or (b) an amino acid sequence having any one of amino acid sequences selected from the 
group consisting of 



^ (1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino acids 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8, 

25 (6) amino acid sequence of amino acids 1 to 9, and 

(7) amino actd sequence of amino acids 1 to 10 



from the amino-tenninal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 
outside said amino acid sequences, or a pharmaceutically acceptable salt thereof ; 
30 (3) The peptide-type compound according to item (2) above, which comprises one amino acid sequence selected 

from the group consisting of amino acid sequences set forth in SEQ ID NOS: 3, 4, 5, 8, 9, 10. 11 . 12, 13, 16, 17, 
18, 19, 22, 23, 25 and 26, or a phamnaceutically acceptable salt thereof; 

(4) A peptide-type compound wherein in a peptide having the activity of increasing the intracellular calcium ion 
concentration and the activity of inducing secretion of growth hormone, (a) constitutional amino acids are modified 

35 or not modified and (b) at least one amino acid is replaced or not replaced by a non-ami no acid compound, or a 

phamnaceutically acceptable salt thereof; 

(5) The peptide-type compound according to item (1 ) or (4) which comprises an amino acid sequence set forth in 
SEQ ID NO: 27, or a phamnaceutically acceptable salt thereof; 

(6) The peptide-type compound according to item (4) above, which comprises (a) an amino acid sequence set 
40 forth in SEQ ID NO: 2 or(b) an amino acid sequence having any one of amino acid sequences selected from the 

group consisting of 

(1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 
45 (3) amino acid sequence of amino acids 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8, 

(6) amino acid sequence of amino acids 1 to 9, and 

(7) amino acid sequence of amino acids 1 to 10 

50 

from the amino-terminal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 
outside said amino acid sequences, or a pharmaceutically acceptable salt thereof; 

(7) The peptide-type compound according to item (6) above, which comprises one amino acid sequence selected 
from the group consisting of amino acid sequences set forth in SEQ ID NOS: 3, 4, 6, 8, 9, 10, 11 , 12, 13, 16, 17, 

55 18, 19, 22, 23, 25 and 26, or a pharmaceutically acceptable salt thereof; 

(8) The peptide-type compound according to item (1 ) or (4) above, whose amino-tenninal amino acids 1 to 4 are 
represented by formula: 
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A-B-C-D- 

wherein the symbol A is either an amino acid or a non-amino acid compound, or is missing, and the symbol B is 
either an amino acid or a non-amino acid compound, or is missing, provided that the length of the A + B molecular 
chain is a dipeptide length, and the symbol C or the symbol D may be the same or different and represents (a) a 
modified amino acid, (b) an amino acid having a hydrophobic residue or (c) an amino acid having a basic side 
chain, or a pharmaceutically acceptable salt thereof; 

(9) A peptide-type compound, wherein in one amino acid sequence selected from the group consisting of ammo 
acid sequences set forth in SEQ ID NOS: 2, 3. 8, 9, 10, 11 , 16, 17. 22. 25 and 26. an amino acid sequence of 
amino-lenninal amino acids 1 to 4 is s replaced by the structure of the peptide-type compound descnbed in item 
(8) above, or a pharmaceutically acceptable salt thereof. 

1 0) The peptide-type compound according to items (1 ) to (9) above, wherein the modified amino acid is an amino 
acid in which (a) a saturated or unsaturated alkyi chain containing one or more carbon atoms was introduced at 
the a carbon atom of the amino acid via or not via an alkylene group containing one or more carbon atoms and 
via an ester ether, thioester, thioether, disulfide, amide, carbamide or thiocarbamide linkage, or (b) a saturated or 
unsaturated alkyI cnain containing one or more carbon atoms was introduced at the a carbon atom of the amino 
acid, or a phamnaceutlcally acceptable salt thereof; 

(11) The pepUde-type compound according to items (1) to (10) above, which comprises a modified amino acid 
modified by conversion of a functional group in a side chain of said amino acid Into an ester linkage, or a pharma- 
ceutteally acceptable salt thereof; ^ . t ^ .i 

(1 2) The peptide-type compound according to item (11 ) above, which comprises an ammo acid having a fatty acid 
bound via an ester linkage to a side-chain hydroxyl group or mercapto group of said amino acid, or a phamnaceu- 
tlcally acceptable salt thereof; ^ ^ 

(13) The peptide-type compound according to item (12) above, wherein the fatty acid contains 2 to 35 carbon 
atoms or a phamiaceutteally acceptable salt thereof; 

(1 4) The peptide-type compound according to item (12) above, wherein the fatty acid Is a fatty acid selected from 
the group consisting of fatty acids containing 2, 4, 6, 8, 10,1 2, 1 4. 1 6 and 1 8 carbon atoms, or a pharmaceutically 
acceptable salt thereof; 

(1 5) The peptide-type compound according to item (12) above, wherein the fatty acid is octanoic acid, a monoene 
fatty acid thereof or a polyene fatty acid thereof, or a pharmaceutically acceptable salt thereof; 

(1 6) The peptide-type compound according to item (12) above, wherein the fatly acid is decanoic acid, a monoene 
fatty acid thereof or a polyene fatty acid thereof, or a phamiaceutically acceptable salt thereof; 

(17) The peptide-type compound according to items (1) to (16) above, wherein the amino-tenninal amino group is 
modified by introduction of a saturated or unsaturated alkyI or acyl group containing one or more carbon atoms, 
and/or a hydroxyl group of the carboxyl-terminal carboxyl group is OZ or NR2R3 wherein Z is a pharmaceutically 
acceptable cation or a lower branched or linear alkyi group, and R2 and R3 are the same or different and represent 
H or a lower branched or linear alkyI gnsup; 

(18) A peptide-type compound comprising a basic amino acid bound to the carboxyl-terminal of a peptide-type 
40 compound described in items (1) to (16) above; . . ^ . »• , 

(19) A peptide-type compound comprising a basic group introduced into a carboxyl-temiinal amide denvative of 
the peptide-type compound described in items (1) to (16) or (18) above; 

(20) A pharmaceutical composition comprising a peptide-type compound described in items (1) to (19) above or 
a phamiaceutically acceptable salt thereof as an active ingredient; 

(21 ) A pharmaceutical composition fortreatment of diseases anributable to a defect or decrease in growth homnone. 
which comprises a peptide-type compound described in items (1) to (1 9) above or a pharmaceutically acceptable 
salt thereof as an active ingredient; 

(22) A pharmaceutical composition for treatment of diseases not attributable to a defect or decrease in growth 
hormone which comprises an agent for treating diseases not attributable to a defect or decrease in growth homione 
and a peptide-type compound described in items (1) to (1 9) above or a pharmaceutkjally acceptable salt thereof; 

(23) A pharmaceutical composition according to items (20) to (22), whteh is applied to animals other than human 

(24) A^method for treatment of diseases attributable to a defect or decrease in growth homione. which comprises 
administering a phamiaceutical composition comprising a peptide-type compound described in items (1) to (19) 

55 above or a phamiaceutically acceptable salt thereof as an active ingredient; 

(25) A method fortreatment of diseases not attributable to a defect or decrease in growth homione, which compnses 
administering an agent for treating diseases not attributable to a defect or decrease in growth homnone and a 
peptide-type compound described In items (1) to (19) above or a phanmaceuticaliy acceptable salt thereof; 
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(26) A method according to rtem (24) or (25), which is applied to animals other than human beings; 

(27) A DNA coding an amino acid sequence of a peptide-type compound described In items (1) to (19) above, 
which comprises a nucleotide sequence coding a peptide containing an amino add sequence recognizing at least 
one modifiable amino acid in the amino acid sequence encoded by said DNA; 

5 (28) The DNA according to Item (27) above, wherein the nucleotide sequence is one nucleotide sequence selected 

from the group consisting of nucleotide sequences set forth in SEQ ID NOS: 6, 7, 14, 15, 20. 21 and 24; 
(29) The DNA according to item (27) above, wherein the nucleotide sequence is an amino acid-coding nucleotide 
sequence in one nucleotide sequence selected from the group consisting of nucleotide sequences set forth in SEQ 
ID NOS: 6. 7, 14, 15. 20, 21 and 24; 
^0 (30) A vector comprising a DNA described in items (27) to (29) above; 

(31) Cells comprising the vector described in item (30) above; 

(32) Cells comprising a DNA described in items (27) to (29) above, wherein a peptide-type compound having an 
amino acid sequence encoded by said DNA can be produced as a peptide-type compound having at least one 
amino acid modified in said amino acid sequence; 

(33) An antibody against a peptide-type compound described in items (1) to (19) above; 

(34) A method for assaying a peptide-type compound described in items (1) to (1 9) above, which comprises using 
the antibody described in item (33) above to detect the peptide-type compound described in items (1 ) to (1 9) above; 

(35) A kit for detecting a peptide-type compound described in items (1 ) to (1 9) above, which comprises using the 
antibody described in item (33) above to detect the peptide-type compound described in items (1) to (19) above; 

(36) A method for producing a peptide-type compound described in items (1 ) to (1 9) above by genetic recombination 
technology, which comprises transforming a vector containing a DNA described in items (27) to (29) above into 
host cells capable of modifying a side chain of at least one amino acid in said peptide, then culturing the resulting 
transfomned cells and recovering the desired peptide-type compound from the culture; 

(37) A method for producing a peptide-type compound described in items (1 ) to (1 9) above by genetic recombination 
technology, which comprises transfonning a vector containing a DNA described in items (27) to (29) above into 
host cells, then culturing the resulting transfomned cells and recovering the desired compound from the culture, 
followed by chemically modifying an arbitrary amino acid thereof; 

(38) A method for producing a peptide-type compound described in items (12) to (16) above by genetic recombi- 
nation technology, which comprises using cells having the activity of binding a fatty acid via an ester linkage to a 

30 side-chain hydroxy! group or a side-chain mercapto group of an amino acid in the peptide-type compound; 

(39) A method for producing a peptide-type compound described in items (12) to (16) above, which comprises 
using cells having the serine acylation activity of binding a fatty acid via an ester linkage to a side-chain hydroxyl 
group of serine in the amino acid sequence set forth in SEQ ID NO: 8; 

(40) A pharmaceutical composition for gene therapy for treatment of diseases attributable to a defect or decrease 
in growth honnone, which comprises integrating a vector containing a DNA coding an amino acid sequence of a 
peptide-type compound described in items (1) to (19) above into cells in a living body and expressing a peptide 
with at least one modified amino acid, the peptide having the activity of increasing the intracellular calcium ion 
concentration; 

(41) A method for treatment of diseases attributable to a defect or decrease in growth hormone, which comprises 
integrating a vector containing a DNA coding an amino acid sequence of a peptide-type compound described in 
items (1) to (19) above into cells in a living body enabling a peptide having an amino acid sequence encoded by 
said DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino 
acid in said amino acid sequence, whereby a peptide having the activity of inducing growth hormone is expressed; 

(42) A phannaceutical composition for gene therapy for treatment of diseases not attributable to a defect or de- 
crease in growth homnone. which comprises integrating a vector containing a DNA coding an amino acid sequence 
of a peptide-type compound described in items (1 ) to (1 9) above Into cells In a living body and expressing a peptide 
with at least one modified amino acid, the peptide having the activity of increasing the intracellular calcium ion 
concentration; 

(43) A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
integrating a vector containing a DNA coding an amino acid sequence of a peptide-type compound described in 
items (1) to (19) above into cells in a living body enabling a peptide having an amino acid sequence encoded by 
said DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino 
acid in said amino acid sequence, whereby a peptide having the activity of inducing growth hormone is expressed. 

55 [0047] Specifically, the present invention also relates to: 

(1 ) A peptide-type compound having the activity of increasing the intracellular calcium ion concentration, wherein 
at least one amino acid is replaced by a modified amino acid and/or a non-amino acid compound, or a pharma- 
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ceutically acceptable salt thereof ; 

(2) The peptide-type compound according to item (1) above, which comprises (a) an ammo acid sequence set 
forth in SEQ ID NO: 2 or (b) an amino acid sequence having any one of amino acid sequences selected from the 
group consisting of 

5 

(1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino acids 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 
10 (5) amino acid sequence of amino acids 1 to 8, 

(6) amino acid sequence of amino acids 1 to 9, and 

(7) amino acid sequence of amino acids 1 to 1 0 from the amino-temiinal in the sequence (a) and at least one 
amino acid deleted, replaced and/or added in a part outside said amino acid sequences, or a phanmaceutically 
acceptable salt thereof; 

(3) The peptide-type compound according to item (2) above, which comprises one amino acid sequence selected 
from the group consisting of amino acid sequences set forth In SEQ ID NOS: 3, 4. 5, 8. 9, 10. 11 . 12. 13. 16, 17, 
18 19 22 and 23, or a pharmaceutlcally acceptable salt thereof; 

(4) A peptide-type compound having the activity of increasing the intracellular calcium ion concentration and the 
20 activity of inducing secretion of growth hormone, wherein (a) constitutional amino acids are modified or not modified 

and (b) at least one amino acid is replaced or not replaced by a non-amino acid compound, or a phannaceutically 
acceptable salt thereof; , 

(5) The peptide-type compound according to item (4) above, which comprises (a) an ammo acid sequence set 
forth in SEQ ID NO: 2 or (b) an amino acid sequence having any one of amino acid sequences selected from the 

25 group consisting of 

(1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino acids 1 to 6, 
30 (4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8. 

(6) amino acid sequence of amino acids 1 to 9, and 

(7) amino acid sequence of amino acids 1 to 10 

35 from the amino-terminal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 

outside said amino acid sequences, or a phamnaceutically acceptable salt thereof; 

(6) The peptide-type compound according to items (4) or (5) above, which comprises one amino acid sequence 
selected from the group consisting of amino acid sequences set forth in SEQ ID NOS: 3,4,5,8,9,10,11,12,13. 
16 17 18 19 22 and 23, or a pharmaceutically acceptable salt thereof ; 

(7) ' The peptide-type compound according to items (1) to (6) above, wherein the modified amino acid is an amino 
acid at the 3rd position from the amino-terminal thereof, or a phannaceutically acceptable salt thereof; 

(8) The peptide-type compound according to item (7) above, wherein the amino acid in the modified ammo acid 
Is serine or cysteine, or a phamnaceutically acceptable salt thereof; 

(9) The peptide-type compound according to items (1) to (6) above, which comprises a modified ammo acid in 
45 Which (a) a saturated or unsaturated alkyi chain containing one or more carbon atoms was introduced at the a 

cart)on atom of the amino acid via or not via an alkylene group containing one or more carbon atoms and via an 
ester ether, thioester, thioether, amide or cartaamide linkage, or (b) H or a saturated or unsaturated atkyi cham 
containing one or more cartoon atoms was introduced at the a cartDon atom of the amino acid, or a phannaceutcally 
acceptable salt thereof; 

50 (10) The peptide-type compound according to items (1) to (6) above, which comprises a modified ammo acid 

modified with an ester linkage, or a pharmaceutically acceptable salt thereof; 

(11) The peptide-type compound according to item (10) above, which comprises an amino acid to which a fatty 
acid was bound, or a pharmaceutically acceptable salt thereof; 

(12) The peptide-type compound according to item (11) above, which comprises an amino acid to which a fatty 
55 acid containing 2 to 35 carbon atoms was bound, or a phannaceutically acceptable salt thereof; 

(13) The peptide-type compound according to item (12) above, which comprises an amino acid to which a fatty 
acid selected from the group of consisting fatty acids containing 2, 4. 6. 8, 10, 12, 14. 16 and 18 cartoon atoms 
was bound, or a pharmaceutically acceptable salt thereof; 
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(14) The peptide-type compound according to item (13) above, wherein the bound fatty acid is octanorc acid a 
monoene fatty acid thereof or a polyene fatty acid thereof, or a phamiaceutically acceptable salt thereof 

(15) The peptide-type compound according to item (13) above, wherein the bound fatty add is decanoic acid a 
monoene fatty acid thereof or a polyene fatty acid thereo, or a phamiaceutically acceptable salt thereof- 

(1 6) The peptide-type compound according to items (1 ) to (1 5) above, wherein the amino-terminal is modified with 
a saturated or unsaturated alkyi or acyl group containing one or more carbon atoms, and/or a hydroxy! group of 
the carboxyl-terminal carboxyl group is 02 or NR2R3 wherein Z is a phamiaceutically acceptable cation or a lower 
branched or linear alkyI group, and R2 and R3 are the same or different and represent H or a lower branched or 
linear alkyI group; 

(17) A phamriaceutical composition comprising a peptide-type compound described in items (1) to (16) above or 
a pharmaceutically acceptable salt thereof as an active ingredient; 

(1 8) A phanmaceutical compositionf ortreatment of diseases attributable to a defect or decrease in growth homione 
which comprises a peptide-type compound described in items (1 ) to (1 6) above or a pharmaceutically acceptable 
salt thereof as an active ingredient; 

(19) A pharmaceutical composition for treatment of diseases not attributable to a defect or decrease in growth 
hormone, which comprises an agent for treating diseases not attributable to a defect or decrease in growth hormone 
and a peptide-type compound described in items (1 ) to (1 6) above or a pharmaceutically acceptable salt thereof- 

(20) A phamriaceutical composition according to items (1 7) to (1 9), which is applied to animals other than human 
beings; 

(21 ) A method for treatment of diseases attributable to a defect or decrease in growth hormone, which comprises 
administenng a phanmaceutical composition comprising a peptide-type compound described in items (1) to (16) 
above or a pharmaceutically acceptable salt thereof as an active ingredient; 

(22) A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
administenng an agent for treating diseases not attributable to a defect or decrease in growth hormone and a 
peptide-type compound described in items (1) to (16) above or a pharmaceutically acceptable salt thereof- 

(23) A method for treatment according to items (21) to (22). which is applied to animals other than human beings- 

(24) A ON A for a peptide-type compound described in items (1) to (16) above, which comprises a nucleotide 
sequence coding a peptide containing an amino acid sequence recognizing at least one modifiable amino acid in 
the amino acid sequence encoded by said DNA; 

(25) The DNA according to item (24) above, which comprises one nucleotide sequence selected from the group 
consisting of nucleotide sequences set forth in SEQ ID NOS: 6. 7. 14, 15, 20, 21 and 24; 

(26) The DNA according to item (24) above, which comprises an 'amino acid^Joding nucleotide sequence in one 
nucleotide sequence selected from the group consisting of nucleotide sequences set forth in SEQ ID NOS* 6 7 
14. 15,20,21 and 24; * ' ' 

(27) A vector comprising a DNA described in items (24) to (26) above; 

(28) Cells comprising the vector described in item (27) above; 

(29) Cells comprising a vector containing a DNA described in items (24) to (26) above, wherein a peptide-type 
compound having an amino acid sequence encoded by said DNA can be produced as a peptide-type compound 
having at least one amino acid modified in said amino acid sequence; 

(30) An antibody against a peptide-type compound described in items (1) to (16) above; 

(31) A method for assaying a peptide-type compound described in items (1 ) to (16) above, which comprises using 
the antibody described in item (30) above to detect the peptide-type compound described in items (1 ) to (1 6) above- 

(32) A kit for detecting a peptide-type compound described in items (1 ) to (1 6) above, which comprises using the 
antibody described in item (30) above to detect said peptide-type compound; 

(33) A method for producing a peptide-type compound described in Items (1 ) to (1 6) above by genetic recombination 
technology, which comprises transfonning a vector containing a DNA described in items (24) to (26) above Into 
host cells capable of modifying a side chain of at least one amino acid in said peptide, then culturing the resulting 
transfomned cells and recovering the desired peptide-type compound from the culture; 

(34) A method for producing a peptide-type compound described in items (1 ) to (1 6) above by genetic recombination 
technology, which comprises transfomning a vector containing a DNA described in items (24) to (26) above into 
host cells, then culturing the resulting transfonned cells and recovering the desired peptide-type compound from 
the culture, followed by chemically modifying an ariDitrary amino acid thereof; 

(35) A method for producing the peptide-type compound described in items (11 ) to (15) above by genetic recom- 
bination technology, wherein the peptide-type compound can be produced as a peptide having a fatty acid bound 
to a serine residue in the amino acid sequence set forth in SEQ ID NO: 8; 

(36) A method for producing a peptide-type compound having the activitir of increasing the intracellular calcium 
ion concentration and the activity of inducing secretion of growth homione, which comprises transforming a vector 
containing a DNA coding a peptide-type compound described in items (4) to (6) above into host cells and culturing 
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the resulting transformed cells and recovering the desired compound from the culture; 

(37) A pharmaceutical composition for gene therapy for treatment of diseases attributable to a defect or decrease 
in growth homnone. which comprises integrating a vector containing a DNA coding a peptide-type compound de- 
scribed in items (1) to (16) above into cells in a living body and expressing a peptide with at least one modified 
amino acid, the peptide having the activity of increasing the intracellular calcium ion concentration. 

(38) A method for treatment of diseases attributable to a defect or decrease in grov^rth homnone, which comprises 
integrating a vector containing a DNA coding a peptide-type compound described in items (1) to (16) above into 
cells in a living body enabling a peptide having an amino add sequence encoded by said DNA to be produced as 
a peptide having an amino acid sequence recognizing at least one modifiable amino acid in said amino acid se- 
quence, whereby a peptide having the activity of inducing growth homnone is expressed; 

(39) A phannaceutical composition for gene therapy for treatment of diseases not attributable to a defect or de- 
crease in growth homnone, which comprises integrating a vector containing a ON A coding a peptide-type compound 
described in items (1 ) to (1 6) above into cells in a living body and expressing a peptide with at least one modified 
amino acid, the peptide having the activity of increasing the intracellular calcium ion concentration; 

(40) A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
integrating a vector containing a DNA coding a peptide-type compound described in items (1) to (16) above into 
cells In a living body enabling a peptide having an amino add sequence encoded by said DNA to be produced as 
a peptide having an amino acid sequence recognizing at least one modifiable amino acid in said amino acid se- 
quence, whereby a peptide having the activity of inducing growth hormone is expressed. 

[0048] Specifically, the present invention also relates to: . . 

(1) A peptide-type compound having the activity of increasing the intracellular calcium ion concentration, wherein 
at least one amino acid is replaced by a modified amino acid and/or a non-amino acid compound, or a pharma- 
ceutically acceptable salt thereof; 

(2) The peptide-type compound according to item (1) above, which comprises an amino acid sequence set forth 
in SEQ ID NO: 1 , or a pharmaceuticalJy acceptable salt thereof; 

(3) The peptide-type compound according to item (1) above, which comprises an amino acid sequence set forth 
in SEQ ID NO: 2 or an amino acid sequence wherein in SEQ ID NO: 2, at least one amino acid is deleted, replaced 
and/or added in a part outside a sequence of amino adds 1 to 7 from the amino-temninal thereof, or a pharma- 
ceutically acceptable salt thereof; 

(4) An analogue or derivative of the peptide described in item (1 ) above, which comprises an amino acid sequence 
set forth in SEQ ID NO: 3 or an amino acid sequence wherein in SEQ ID NO: 3, at least one amino acid is deleted, 
replaced and/or added In a part outside a sequence of amino acids 1 to 7 from the amino-temninal thereof, or a 
pharmaceutically acceptable salt thereof; 

(5) A precursor peptide-type compound of the peptide compound described in (3) above, which comprises an 
amino acid sequence set forth in SEQ ID NO: 4 or an amino add sequence wherein in SEQ ID NO: 4, at least one 
amino acid is deleted, replaced and/or added in a part outside a sequence of amino acids 1 to 28 from the amino- 
terminal thereof; 

(6) A precursor peptide-type compound of the peptide compound described in item (4) above, which comprises 
an amino acid sequence set forth in SEQ ID NO: 5 or an amino acid sequence wherein in SEQ ID NO: 5, at least 
one amino acid is deleted, replaced and/or added in a part outside a sequence of amino acids 1 to 28 from the 
amino-terminal thereof; 

(7) A peptide-type compound having the activity of increasing the Intracellular calcium ion concentration and the 
activity of Inducing secretion of growth hormone, or a phannaceutical ty acceptable salt thereof; 

(8) The peptide-type compound according to Item (7) above, which has the activity of increasing the intracellular 
caldum ion concentration and the activity of inducing secretion of growth homnone and has at least one amino 
acid replaced by a non-amino add compound, or a pharmaceutically acceptable salt thereof; 

(9) The peptide-type compound according to items (7) to (8) above, which comprises an amino acid sequence set 
forth in SEQ ID NO: 1 , or a derivative thereof or a phamnaceutically acceptable salt thereof; 

(10) The peptide compound described in items (7) to (8) above, which comprises an amino acid sequence set 
forth in SEQ ID NO: 2 or an amino acid sequence wherein in SEQ ID NO: 2, at least one amino acid is deleted, 
replaced and/or added in a part outside a sequence of amino acids 1 to 7 from the amino-terminal thereof, or a 
derivative thereof or a pharmaceutically acceptable salt thereof; 

(1 1 ) The peptide compound described in items (7) to (8) above, which comprises an amino acid sequence set forth 
in SEQ ID NO: 3 or an amino acid sequence wherein in SEQ ID NO: 3, at least one amino acid is deleted, replaced 
and/or added in a part outside a sequence of amino acids 1 to 7 from the amino-terminal thereof, or a derivative 
thereof or a pharmaceutically acceptable salt thereof; 
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(1 2) A precursor peptide-type compound of the peptide-type compound described in item (1 0) above, which com- 
prises an amino acid sequence set forth in SEQ ID NO: 4 or an amino acid sequence wherein in SEQ ID NO: 4. 
at least one amino acid is deleted, replaced and/or added in a part outside a sequence of amino acids 1 to 28 from 
the amino-tenninal thereof; 

5 (13) A precursor peptide-type compound of the peptide-type compound described In item (11) above, which com- 

prises an amino acid sequence set forth in SEQ ID NO: 5 or an amino acid sequence wherein in SEQ ID NO: 5, 
at least one amino acid is deleted, replaced and/or added in a part outside a sequence of amino acids 1 to 28 from 
the amino-temriinal thereof; 

(1 4) The peptide-type compound according to items (1 ) to (6) above, wherein the modified amino acid is an amino 
^0 acid at the 3rd position from the amino-terminal thereof, or a phamiaceutlcally acceptable salt thereof; 

(15) The peptide-type compound according to item (14). wherein the amino acid In the modified amino acid is 
serine or cysteine, or a phamnaceutically acceptable salt thereof; 

(16) The peptide-type compound according to items (1) to (6) above, wherein the modification in the modified 
amino acid indicates the modification at the a carbon of said amino add by (a) a saturated or unsaturated alkyi 

*5 chain containing one or more cartDon atoms which binds in a mode of linkage selected from the group consisting 

of ester, ether, thioester, thioether, amide or carbamide via or not via an alkyI chain containing one or more carbon 
atonns, or (b) H or a saturated or unsaturated alkyI chain containing one or more cartaon atoms, or a phannaceu- 
tically acceptable salt thereof; 

(17) The peptide-type compound according to item (1) above, which comprises a modified amino acid modified 
20 with an ester linkage, or a phamnaceutically acceptable salt thereof; 

(18) The peptide-type compound according to item (17) above, which comprises an amino acid to whrch a fatty 
acid is bound, or a phamnaceutically acceptable salt thereof; 

(19) The peptide-type compound according to item (18) above, which comprises an amino acid to which a fatty 
acid containing 2 to 35 cariaon atoms is bound, or a pharmaceutically acceptable salt thereof; 

25 (20) The peptide-type compound according to item (18) above, wherein the bound fatty acid is caprylic acid, a 

monoene fatty acid thereof or a polyene fatty acid thereof, or a pharmaceutically acceptable salt thereof; 

(21) The peptide-type compound according to item (18) above, wherein the bound fatty acid is capric add, a 
monoene fatty acid thereof or a polyene fatty acid thereof, or a phamnaceutically acceptable salt thereof; 

(22) The peptide-type compound according to item (18) above, wherein the bound fatty acid is lauric acid, a mo- 
30 noene fatty acid thereof or a polyene fatty acid thereof, or a phanmaceutically acceptable salt thereof; 

(23) The peptide-type compound according to items (1 ) to (22) above, wherein the amino-temninal is modified with 
a saturated or unsaturated alkyI or acyl group containing one or more carbon atoms, and/or the carboxyl-temiinal 
is 02 or NR2R3 wherein Z is a phamnaceutically acceptable cation or a lower branched or linear alkyI group, and 
R2 and R3 are the same or different and represent H or a lower branched or linear alkyI group; 

35 (24) A pharmaceutical composition for treatment of diseases attributable to a defect or decrease in growth hormone, 

which comprises a peptide-type compound described in items (1) to (6) above or a phamnaceutically acceptable 
salt thereof as an active ingredient; 

(25) A phamnaceutical composition for treatment of diseases not attributable to a defect or decrease in growth 
hormone, which comprises an agent for treating diseases not attributable to a defect or decrease in growth hormone 
and a peptide-type compound described in items (1) to (6) above or a phamnaceutically acceptable salt thereof; 

(26) A phannaceutical composition according to items (24) to (25), which is applied to animals other than human 
beings; 

(27) A method for treatment of diseases attributable to a defect or decrease in growth homnone, which comprises 
administering a phamnaceutical composition comprising a peptide-type compound described in items (1) to (6) 
above or a phannaceuticaHy acceptable salt thereof as an active ingredient; 

(28) A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
administering an agent for treating diseases not attributable to a defect or decrease in growth hormone and a 
peptide-type compound described in items (1 ) to (6) above or a phamnaceutically acceptable salt thereof; 

(29) The treatment method according to items (27) to (28), which is applied to animals other than human beings; 

(30) A DNA for a peptide-type compound described in items (1) to (6), which comprises a DNA sequence coding 
a peptide having a amino acid sequence recognizing at least one modifiable amino acid in said amino acid se- 
quence; 

(31 ) The cDNA according to item (30) above, which comprises a DNA sequence set forth in SEQ ID NO: 6 (including 
NCR); 

55 (32) The cDNA according to item (30) above, which comprises a DNA sequence of bases 31 to 381 in a DNA 

sequence set forth in SEQ ID NO: 6 (not including NCR); 

(33) The cDNA according to item (30) above, which comprises a DNA sequence set forth in SEQ ID NO- 7 (includinq 
NCR); 
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(34) The cDNA according to item (30) above, which comprises a DNA sequence of bases 34 to 385 in a DNA 
sequence set forth in SEQ ID NO: 7 (not including NCR); 

(35) A vector comprising a DNA described in items (30) to (34) above; 

(36) Cells comprising the vector described in item (35) above; 

5 (37) Cells comprising a vector containing a DNA described in items (30) to (34) above, wherein a peptide-type 

compound having an amino acid sequence encoded by said DNA can be produced as a peptide-type compound 
having an amino acid sequence recognizing at least one modifiable amino acid in said amino acid sequence; 

(38) An antibody against a peptide-type compound described in items (1) to (23) above; 

(39) A method for assaying a peptide-type compound described in items (1 ) to (23) above, which comprises using 
10 the antibody described in item (38) above to detect the peptide-type compound; 

(40) A kit for detecting a peptide-type compound described in items (1) to (23) above, which comprises using the 
antibody described in item (38) above to dete<^ the peptide-type compound; 

(41 ) A method for producing a peptide-type compound described in itenns (1 ) to (6) above by genetic recombination 
technology, which comprises transforming a vector containing a DNA described in item (30) above into host cells 

15 capable of modifying a side chain of at least one amino add in said peptide, then culturing the resulting transfomned 

cells and recovering the desired peptide-type compound from the culture; 

(42) A method for producing a peptide-type compound described in items (1 ) to (6) above by genetic recombination 
technology, which comprises transfomiing a vector containing a DNA described in item (30) above into host cells, 
then culturing the resulting transformed cells and recovering the desired peptide-type compound from the culture, 

20 followed by chemically modifying an arbitrary amino acid thereof; 

(43) A method for producing a peptide-type compound described in items (1 8) to (22) above by genetic recombi- 
nation technology, which comprises using cells enabling the peptide-type compound to be produced as a peptide 
having a fatty acid bound to a serine residue in the amino acid sequence set forth in SEQ ID NO: 1 ; 

(44) A method for producing a peptide-type compound having the activity of increasing the Intracellular calcium 
25 ion concentration and the activity of secreting growth hormone, which comprises transfonming a vector containing 

a DNA coding a peptide-type compound described in items (7) to (1 3) above into host cells, culturing the resulting 
transformed cells and recovering the desired conrpound from the culture; 

(45) A pharmaceutical composition for gene therapy for treatment of diseases attributable to a defect or decrease 
in growth hormone, which comprises integrating a vector containing a DNA coding an amino acid sequence of a 

30 peptide-type compound described in items (1 ) to (6) above Into cells in a living body and expressing a peptide with 

at least one modified amino acid, the peptide having the activity of increasing the intracellular calcium ion concen- 
tration; 

(46) A method for treatment of diseases attributable to a defect or decrease in growth homnone, which comprises 
Integrating a vector containing a DNA coding an amino acid sequence of a peptide-type compound described In 

35 items (1) to (6) above Into cells in a living body enabling a peptide having an amino acid sequence encoded by 

said DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino 
acid in said amino acid sequence, whereby a peptide having the activity of Inducing growth homnone is expressed; 

(47) A pharmaceutical composition for gene therapy for treatment of diseases not attributable to a defect or de- 
crease in growth homnone, which comprises integrating a vector containing a DNA coding an amino acid sequence 

40 of a peptide-type compound described in items (1 ) to (6) above into cells in a living body and expressing a peptide 

with at least one modified amino acid having the activity of increasing the intracellular calcium ion concentration; 

(48) A method for treatment of diseases not attributable to a defect or decrease in growth homnone, which comprises 
integrating a vector containing a DNA coding an amino acid sequence of a peptide-type compound described in 
items (1 ) to (6) above into cells in a living body enabling a peptide having an amino acid sequence encoded by 

45 said DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino 

acid in said amino acid sequence, whereby a peptide having the activity of inducing growth hormone is expressed. 

[0049] In the present Invention, the amino acid encompasses every amino acid such as L-amino acid, D-amino acid, 
a-amino acid, p-amino acid, y-amino acid, natural amino acid and synthetic amino acid or the like. 
50 [0050] In the present invention, the modified amino acid refers to an amino acid wherein an artDitrary group thereof 
is chemically modified. In particular, a modified amino acid chemically modified at the a-cariDon atom In an a-amino 
acid is preferable. That is, when the a-amino acid is represented by fomnula (1): 
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HjN— C-COOH 



R' and R" in the chemically modified amino acid may be H or an arbitrary group; in short, the modified amino acid may 
be any chemically modified natural amino acid. Either R' or R" may also be H. 

[0051] An amino acid wherein as the substituent group represented by R* and R% a substituent group present in the 
natural amino acid is replaced by a substituent group not present in the naturaJ amino acid or in its corresponding D- 
amino acid is referred to as the modified amino acid. 

[00521 When the naturally occurring amino acid contains e.g. - OH. -SH, -NH or -NHg as a substituent group in a 
side chain thereof, a group fomied by acylating such a substituent group is mentioned as a preferable example of the 
subtituent group mentioned above. 

[0053] The acyl group therefor includes e.g. groups fomied by removing a hydroxyl group from an organic cartjoxyllc 
acid, organic sulfonic acid and organic phosphoric acid. 

[0054] The organic carboxylic acid Includes e.g. fatty acids, and the number of carbon atoms thereof is preferably 2 
to 35, more preferably 6 to 18 and most preferably 8 to 16. Such fatty acids include e.g. octanoic acid (preferably 
caprylic acid), decanoic acid (preferably capric acid), and dodecanoic acid (preferably lauric acid), as well as monoene 
or polyene fatty acids thereof. 

[0055] In the organic sulfonic acid or organic phosphoric acid, the number of carbon atoms thereof is preferablv 2 
25 to 35. 

[0056] Further, the modified amino acid may be an amino acid wherein the group represented by R* and/or R" is 
replaced, for example, by: 

30 -(CH2)„-P-Q 

(Wherein n is an integer of 0 to 10, P is -CO-0-. -0-C0-. -0-, -CO-S-. -CS-S-. -S-CO-, -S-. -CO-NH-, -NH-CO- or 
-CO-NH-CO-. Q is H or O^,^, preferably C^.a©, alkyi). Further, P may be -CO-. 

[0057] In addition, P may be -S-S- or -NH-CS-. In every -NH- described above, H may be replaced by a 3= saturated 
35 or unsaturated alkyI group, a 05.20 aiy* group, or a C7.13 aralky) group. 

[0058] In the case where the a-amino acid is represented by the fomnula (1 ) above, the modified amino acid wherein 
R' or R" is replaced by the above group ApH^^-P-Q is a preferable embodiment. In particular, said modified amino 
acid is preferably modified serine wherein a substituent group represented by the above formula -(CHg) -P-Q is bound 
to the a-carbon of serine, as shown in the formula: " 



(CH^)^ -P-Q 
I 

H2N-C-COOH 
H 



wherein n, P and Q have the same meanings as defined above. 

[0059] The mode of linkage selected from the group consisting of ester, ether, thioester, thioether, amide and car- 
bamide via or not via an alkyI group containing one or more carbon atoms is described in more detail. 
[0060] For example, if the amino acid is serine, threonine, tyrosine or oxyproline. the amino acid has a hydroxyl 
group in the side chain. If the amino acid is cysteine, the amino acid has a mercapto group in the side chain. If the 
amino acid is lysine, arginine, histidine. tryptophan, proline oroxyproline. it has an amino group or Imino group in the 
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side chain. 

[0061] The hydroxyl group, mercapto group, amino group and imino group described above nnay have been chem- 
ically modified. That is, the hydroxyl group or mercapto group may be etherized, esterified, thioetherified or thioester- 
ified. The imino group may have been Iminoetherified, iminothioetherified or alkylated. The amino group may have 
been amidated, thioamidated or carbamidated. 

[0062] Further, the mercapto group may have been disulfidated. the imino group may have been amidated or thio- 
amidated, and the amino group may have been alkylated or thiocarbamidated. 

[0063] The thus chemically modified hydroxyl group or mercapto group can be represented for example by: 



O 
il 

■o— C— Zi . 



o 

ii 

— s— c— Zi ^ 

20 



s 

11 

25 —O—C Z, » 

or 

30 

s 

II 

— S— C— Zi 

35 

[0064] The amidated or thioamidated amino group or imino group can be represented by: 



O 

40 II 

— NH— C— , 



i 

— NH— C— Z2 , 



I II 
— N— C— Z2 
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[0065] The etherified hydroxyl group or mercapto group can be represented by: 

— O Z3 ^ 

or 

— S— Z3 

[0066] The inninoetherified or iminothioetherified imino group can be represented by: 



I li 

— N— C—O — Z4 



or 



8 

N— C— -O — 



[0067] The alkylated amino group can be represented by: 
-N 

[0068] The alkylated imino group can be represented by: 



N — Z5 



[0069] The carbamidated or thiocarbamidated innino group can be represented by: 
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? 

— NH— C-NH -Zy 

5 

or 



NH— C— NH -Z^ 



15 [0070] The disutfidated mercapto group can be represented by: -S-S-Za 

[0071] lntheformulaeabove,Zi,Z2, Z3, Z^,Z^,Z^, Z7 and Zgnnay be any substituent groups for chennical modification 
insofar as they are not against the sprit of the present invention, but because substltuent groups used conventionally 
in a pharmaceutical field or for chemical modification of peptides are well known In patent literatures or scientific liter- 
atures, such known substituent groups for modification can be used and according to such known methods, chemical 

20 modification can be perfonmed in the present invention. 

[0072] In the eibove fonmulae, Z^ may be a hydrogen atom or a linear-chain, branched or cyclic aikyi group, and such 
alkyi group may be saturated or unsaturated. The number of carbon atoms thereof is usually C^,5o. preferably 05.20- 
[0073] Zg, Z3, Z4, Z5. Zg, Z7 or Zq may be a hydrogen atom or a straight-chain, branched or cyclic alkyi group, and 
such alkyi group may be saturated or unsaturated. The number of carbon atoms thereof is usually C^.^q* preferably 0^,q, 

25 [0074] The alkyi groups represented by Zi, Z2, Z3, Z4, Z5, Zg. Z7 or Zq may be substituted with substituent groups 
such as hydroxyl group, amino group, halogen, nitro group and C^^ alkoxy group, which are used conventionally for 
chemical modification of peptides. 

[0075] In the above, if Z^-CO- is a residue of the fatty acid Z^-COOH, this is one example of the amino acid to which 
the fatty acid was bound. The fatty acid in this case includes e.g. saturated fatty acid such as capryiic acid, capric acid, 
30 lauric acid, butyric acid, caproic acid, undecylic acid, palmitc acid, decanoic acid, nonadecanoic acid, behenic acid, 
montanic acid and lacceric acid and unsaturated fatty add such as acrylic acid, oleic acid, linoiic acid, linoienic acid 
and aatearolic acid. The unsaturated fatty acid may be a monoene or a polyene. 

[0076] Further, the modified amino acid may also be an a-amino acid fomned by replacing a group (excluding a 
carboxyi group and an amino group constituting a peptide linkage) binding to the a-carbon atom of the a-amino acid 
35 by a hydrogen atom or a saturated or unsaturated alkyi group. 

[0077] in the present invention, the modified amino acid may also be an amino acid formed by introducing a C^,q 
saturated or unsaturated alkyi group onto the amino group of the amino acid. 

[0078] The non-naturai amino add in the present invention is the one having amino group and carboxyi group in 
both terminals of the molecule, and indudes e.g. NH2-(CH2)3CH(CH20H)-COOH, NH2-(CH2)4-COOH, NHg-C 
40 (CH3)2-(CH2)3-COOH, and NH2-CH(CH3)-(CH2)2-CH(CH3)-COOH. The length of their molecular chain con^esponds 
to the length of a dipeptide, but the non-natural amino acid in the present invention also includes those having the 
length of a peptide. 

[0079] Further, the non-amino acid compound in the present invention includes e.g. NH2-CH(CH20H)-CH3, CH3-CH 
(R)-COOH, CH3-CH(R)-CH3 wherein the length of their molecule con-esponds to the length of a peptide, or 
45 NH2-(CH2)3CH(CH20H)-CH3 and NH2-(CH2)3CH(R)-CH3 wherein the length of their molecule corresponds to the 
length of a dipeptide. 

[0080] Here, R represents a substituent group on a side chain of the natural amino acid or on the a-carbon in the 
aforementioned modified amino acid. 

50 Brief Description of Drawings 

[0081] 

Fig. 1 shows purification of ghreiin from rat stomach extract, and the change in fluorescence intensity by an increase 
55 in the intracelluJar calcium ion concentration in CHO-GHSR62 cells is shown by the black bar. Fig. la shows a 

profile in Sephadex G-50 (fine) gel filtration of an SP-III fraction prepared from 40 g rat stomach, to indicate that 
the molecular weight of the active fractions is about 3.000 Dalton. Fig. 1b is a graph shows a profile in secondary 
CM ion-exchange HPLC, and the active fractions eluted at retention times of 55 to 56 minutes were further purified 
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by reversed-phase HPLC. 

Fig. 2 shows that the modrfication of ghrelin with n-octanoyi was identified. Fig. 2a shows the result of analysis of 
2 ^g each of natural ghrelin (upper) and synthetic ghrelin and synthetic de-acylated ghrelin (lower) by reversed- 
phase HPLC. Fig. 2b is a graph showing changes in the intracellular calcium ion concentration In CHO-GHSR62 
cells by natural ghrelin (solid line), synthetic ghrelin (small broken line) and synthetic de-acylated ghrelin (large 
solid line). 

Fig. 3 is a graph showing specific interaction of ghrelin with CHO-GHSR62 cells, and ghrelin was added at the 
arrowed point. Fig. 3a is a graph showing changes in the intracellular calcium ion concentration in CHO-GHSR62 
cells by ghrelin, GHRP-e and GRF (GHRH), respectively Fig. b is a graph showing changes in the intracellular 
calcium ion concentration in CHO-GHSR62 cells by ghrelin in the presence (O) or absence (O) of [D-Lys-3]-GRP- 
6, and a change in the intracellular calcium ion concentration by GRF (GHRH) (black triangle) is also shown. 
Fig. 4 shows the amino acid sequences of rat- and human-derived ghrelin precursors, as well as the analysis result 
of expression of these precursors in various tissues. Rg. 4a shows comparison between the amino acid sequences 
of rat- and human-derived ghrelin precursors, where the same amino acid is shaded, a signal peptide is indicated 
by the broken line, a cleavage site of the signal peptide is indicated by the shaded triangle, a cleavage site at the 
side of carboxyl-terminal is indicated by the triangle, a matured ghrelin moiety is boxed, and a modification with 
n-octanofc acid is indicated by *. Fig. 4b shows the analysis result of expression of ghrelin in a wide variety of rat 
tissues by Northem blotting. 

Fig. 5 is a graph showing the effect of ghrelin \n vitro and in vivo on secretion of pituitary hormones. Fig. 5a is a 
graph showing a change in fluorescence intensity by a change in the intracellular calcium ion concentration in rat 
pituitary cultured cells at an inltialstage, where the change upon addition of ghrelin is indicated by the solid line 
and the change upon addition of de-acylated ghrelin by the broken line. Fig. 5b is a graph showing the secretion 
of pituitary homnones, where the black bar and white bar show the concentrations of pituitary hormone levels in 
the presence and absence of ghrelin, respectively. Fig. 5c is a graph showing a time course of pituitary hormone 
concentration in plasma after ghrelin was injected intravenously to male rats. In Fig. 5b and 5c, GH is growth 
homnone, ACTH is adrenocorticotropin, FSH is follicle-stimulating hormone, LH is luteinizing hormone. PRL is 
prolactin, and TSH is thyroid-stimulating homrione. 

Fig. 6 shows promotion of appetite upon administration of ghrelin into ventricle, where the amount of feed 
(mean±standard en^or) for 2 hours after administration of ghrelin is shown. Fig. 6a shows that the error range for 
50 the effect of ghrelin is less than 0.0001 . 

Fig. 7 shows the effect of a drug administered to rat under urethane anesthesia on secretion of gastric acid, where 
A and B show the results of administration of rat ghrelin (rGhrelin) and histamine, respectively. Each symbol indi- 
cates an average value from 4 rats, and the standard en-or is shown by an en^or bar. As the control, physiological 
saline was administered. At the arrowed point, the drug was administered. 

Fig. 8 is a graph showing the action of rat ghrelin on stomach motility in rat under urethane anesthesia. Fig. 8A 
shows typical waves of stomach motility upon administration of physiological saline and rat ghrelin (rGhrelin). and 
Fig. B is a graph showing an average value from 4 rats along with the standard en-or. At the arrowed point the 
drug was administered. 

Fig. 9 is a graph showing a standard curve in radioimmunoassays and cross-reacth^ity with antibody. Fig. 9a is a 
graph showing the binding inhibition, by various ghrelins, of i25|.|abeled rat ghrelin to an antibody against a amino- 
temiinal ghrelin fragment, and Fig. 9b is a graph showing the binding inhibition, by various ghrelins, of i25|.|a5eled 
rat ghrelin to an antibody against a cariDoxyl-tenmina! ghrelin fragment. The amount of various ghrel ins/reaction 
tube is shown on the abscissa, while the ratio (%) of the amount (B) of rat ghrelin bound in the presence of various 
ghrelins to the amount thereof (Bq) in the absence of various ghrelins is shown on the ordinate. Symbols in the 
graphs are as follows: Rat ghrelin ( O); human ghrelin ( O ); rat ghrelin-27 ( □); [Ser3(decanoyl)]-rat ghrelin ( 0 )• 
[Ser3(hexanoyl)]-rat ghrelin (A); and de-fatty acid rat ghrelin (V). 

Best Mode for Canying Out the Invention 

[0082] For a peptide serving as an endogenous ligand for GHS receptor (GHS-R), the distribution of the endogenous 
ligand in organs or tissues can be known by adding an extract from various organs or tissues to cells expressing GHS-R 
and measuring the intracellular calcium ion concentration. 

[0083] The cells expressing GHS-R include strains derived from the hypothalamus and pituitary gland known to 
express GHS-R constantly and their tissues, but the cells are preferably those transformed cells having GHS-R gene 
introduced into suitable cells such as CHO cells, and expressing the gene. 

[00841 The strong Ca-releasing activity of the endogenous GHS peptide of the present invention was found not in 
the hypothalamus and pituitary gland expressing the peptide, but in an extract from stomach as an organ in the digestive 
organ system. It is therefore necessary to examine not only tissues and organs expressing said receptor but also a 
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wide variety of other tissues and organs in order to find the desired endogenous ligand for the orphan receptor 
[0085] The intracellular calcium ion concentration can be measured by any method known in the art, preferably by 
means of FLIPR (Fluorometric Imaging Plate Reader, Molecular Devices Co., Ltd.) utilizing the change in the fluorescent 
intensity of Fluo-4 AM (Molecular Probe Co., Ltd.) caused by a change in the concentration of calcium ions. 
5 [0086] To obtain the desired endogenous GHS peptide from tissues and organs confimned to exhibitthe Ca-releasing 
activity, any purification method known in the art can be used. 

[0087] As the method of purifying the peptide, it is effective to use singly or in combination of gel filtration, ion ex- 
change and reversed-phase chromatographic techniques after a wide variety of fractionation methods or use them 
separately, but it is possible to use not only such chromatographic techniques but also any means effective for purifi- 
10 cation of the peptide. 

[0088] For isolation and purification of the peptide from the tissues and organs, inactivation of proteases in the tissues 
and organs by heat treatment thereof in boiling water is desired to prevent degradation of the desired peptide by the 
action of the proteases. Heat treatment and removal of the tissues and organs under cooling on ice are also effective 
for extraction and purification of the desired peptide. 
15 [0089] To confimi that the purified peptide having the Ca-releasing activity has a GH secretion -inducing activity in 
vitro and in vivo, a known method can be utilized. 

[0090] For example, GH secreted into a medium of pituitary grand cell culture conf inned to secrete GH and express 
GHS-R can be measured in vitro\r\ radioimmunoas says by adding anti-GH antibody to the cells. By using an antibody 
against other hormone in place of the anti-GH antibody in radioimmunoassays, the amount of said honmone secreted 
20 can also be measured. 

[0091] Further, the GH secretion-inducing activity in wVocan be confimned by injecting the peptide having the Ca- 
releasing activity Into a peripheral vein of an animal and then measuring the concentration of GH in serum. 
[0092] For analyzing the structure of the purified peptide, a known method can be used. 

[0093] For determining the amino acid sequence of the peptide, there is a method wherein amino acid residues are 
25 released sequentially from the carboxyl-terminal by Edman degradation followed by identification of the released amino 
acids by high performance liquid chromatography (HPLC), as well as an automated version thereof by an amino acid 
sequencer 

[0094] There is also a method for detemnining the amino acid sequence thereof by measuring the molecular weights 
of ionized fragments thereof by GC-MASS. 
30 [0095] For the peptide containing modified amino acids in one aspect of the present Invention, the modified amino 
acid is Identified as "unknown amino acid" upon detemnination of the amino acid sequence. 

[0096] In this case, the modified peptide is decomposed into amino acid units from which the modtfied amino acid 
is separated and purified, and the structure of the modified amino acid is determined in a usual manner for determining 
the structure of the compound, whereby the entire structure of the peptide can be known. Alternatively, there is a 
35 method wherein the peptide is obtained from a cDNA coding the modified peptide, then a peptide having the amino 
acid sequence of the resulting peptide is chemically synthesized, and the molecular weight and physical properties of 
the synthetic unmodified peptide are compared with those of the modified peptide in order to estimate the structure of 
the modified group. 

[0097] A partial amino acid sequence (core sequence) which in the peptide thus structurally detemnined, is essential 
40 for the Ca-releasing activity is revealed by measuring the Ca-releasing activity of each peptide fragment fomned by 
cleaving said peptide with a protease. 

[0098] The used protease shall be a protease highly specific to the amino acid sequence of the peptide to be cleaved, 
but a low specific protease can also be used under conditions for partial digestion to prepare various peptide fragments 
from said peptide. 

45 [0099] By measuring the Ca-releasing activity of each peptide fragment thus prepared, a core sequence essential 
for the Ca-releasing activity can be known. 

[01 00] In the endogenous GH secretion -inducing peptide, 3rd serine from the amino-temninal has been acylated with 
a fatty acid, and it is also possible to chemically be synthesized a peptide fragment having a part of the amino acid 
sequence of the endogenous GH secretion-inducing peptide, as well as a fatty acid-modified peptide comprising a fatty 
50 acid bound via an ester linkage to the serine side chain in said peptide fragment. 

[0101] Using said peptide fragment, the endogenous GH secretion-inducing peptide can be analyzed in detail. Si- 
multaneously, the type of fatty acid necessary for the Ca-releasing activity can be detemnined by comparing the peptide 
fragments modified with various fatty acids. 

[0102] For example, in the endogenous GH secretion-inducing peptide derived from some species of Xenopus Las- 
55 vis, an amino-acid residue at the 3rd position from the amino-tenninal is not serine but threonine, and such threonine 
has been acyiated with a fatty acid, and this peptide-type compound can also be synthesized and said compound can 
be analyzed in detail. 

[0103] By comparing the amino acid sequences of those peptides having a GH secretion-inducing activity in verte- 
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brates, a region preserved widely in vertebrates can be found, and from the annino add sequence of said region, a 
core sequence essential for the GH secretion-inducing activity can be found. 

[0104] A DMA having a nucleotide sequence deduced from the amino acid sequence of the endogenous GH secre- 
tion-inducing peptide is chemically synthesized, and this DNA is used as a probe for screening a cDNA library prepared 
from mRNA in cells expressing said peptide, whereby a cDNA coding said peptide can be obtained. 
[0105] However, a codon corresponding to an amino acid is degenerated thus Increasing the number of nucleotide 
sequences deduced from the amino acid sequence of the peptide, so that the screening by using a certain synthetic 
DNA consisting of various types of such nucleotide sequences as a probe can be difficult. 

[0106] In this case, if a sequence in accordance with the amino acid sequence of said peptide is present in amino 
acid sequences deduced from the nucleotide sequence of an expressed sequence tag (EST) disclosed in a sequence 
data base, a DNA consisting of a part of the nucleotide sequence of the EST can be synthesized and used to screen 
the above cDNA library. 

[0107] Further, a genomic DNA can be obtained in a usual manner from the cDNA 

[01 08] From the nucleotide sequence of the cDNA thus obtained, the amino acid sequence of a precursor polypeptide 
of the endogenous GH secretion-inducing peptide is revealed. 

[0109] By analyzing said amino acid sequence, a signal peptide, the endogenous GH secretion-inducing peptide, 
other peptide moieties and cleavage sites of these peptides are revealed, thus revealing the mechanism of fomiation 
of the endogenous GH secretion-inducing peptide. 

[01 1 0] Other aspects of the present invention, that is, a partial amino acid sequence of the endogenous GH secretion- 
inducing peptide, the amino acid sequence of a precursor polypeptide of said peptide, and the nucleotide sequence 
of a DNA coding said polypeptide are disclosed in Intemational Appln. Disclosure WO 98/42840, but the peptide dis- 
closed therein is a peptide consisting of 1 4 amino acids having a motilin-like activity, and there is no description therein 
of the activity of increasing Ca concentration and the activity of inducing GH secretion disclosed in the present invention. 
[0111] The peptide-type compound of the present invention refers to a peptide having the activity of increasing the 
intracellular calcium ion concentration, which is represented by fomnula (2) below wherein at least one amino acid is 
replaced by a modified amino acid; a peptide analogue thereof wherein at least one amino acid is replaced by a non- 
amino acid; and a peptide derivative thereof wherein amino-tenninal and/or carboxyl-terminal is modified. 
[0112] In the present invention, the peptide, peptide analogue and peptide derivative described above are referred 
to collectively as the peptide-type compound, 

[0113] In the peptide-type compound, a plurality of amino acids may be replaced by modified amino acids and/or 
non-amino acids. In the amino acid sequence set forth in SEQ ID No:2, it is preferable in the present invention that 
usually one or more amino acids of the 1 st to 1 0th amino acids from the amino-tenninal, preferably the 1 st to 4th amino 
acids or the 1st to 5th amino acids from the amino-temriinal are replaced by modified amino acids and/or non-amino 
acids. It is particulariy preferable that the 1st to 5th amino acids are replaced by modified amino acids and/or non- 
35 amino acids. 

[0114] In the amino acid sequence set forth in SEQ ID NO: 2, one or more amino acids outside of the 1st to 4th 
amino acids, preferably the 1st to 6th amino acids and more preferably the 1st to 10th amino acids from the amino- 
temriinal may be added or deleted. 

[01 1 5] The peptide-type compound of the present invention is preferably a peptide compound which has the activity 
of increasing the intracellular calcium ion concentration and induces secretion of growth hormone in vivo, wherein at 
least one amino acid is replaced by a modified amino acid and/or a non-amino acid compound. 
[01 1 6] That is, the peptide-type compound of the present invention is a peptide-type compound having the acth/ity 
of increasing the intracellular calcium ion concentration and/or the action of inducing secretion of growth hormone in 
vivo, wherein an amino acid in the peptide chain is replaced by a modified amino acid and/or a non-amino acid com- 
pound. 

[0117] Examples of the compound include those compounds wherein in the peptide shown in SEQ ID NO: 1 , 2 or 3, 
a hydroxyl group of the amino acid Ser 3 is acylated, those compounds wherein in the peptide shown in SEQ ID NO: 
4 or 5, a hydroxyl group of the 25th amino acid Ser is acylated, or phannaceutically acceptable salts thereof. 
[0118] Other examples include those compounds wherein in the peptide shown in SEQ ID NO: 10, 11 , 16 or 17, a 
hydroxyl group of the amino acid Ser 3 is acylated, or pharmaceutically acceptable salts thereof. 
[0119] Still other examples include those compounds wherein in the peptide shown in SEQ ID NO: 22, 25, 26 or 27, 
a hydroxyl group of the amino acid Ser 3 is acylated. or phannaceutically acceptable salts thereof. 
[0120] Still other examples include those compounds wherein in the peptide shown in SEQ ID NO: 29, 30 or 31 , a 
hydroxyl group of the amino acid Ser 3 is acylated, or pharmaceutically acceptable salts thereof. 
[0121] Still other examples include those compounds wherein in the peptide shown in SEQ ID NO: 28, a hydroxyl 
group of the amino acid Thr 3 is acylated, or phannaceutically acceptable salts thereof. 

[0122] The acyl group introduced into a hydroxyl group by acylation in the present invention is a group formed by 
removing a hydroxyl group from e.g. an organic cariDoxylic acid, an organic sulfonic add or an organic phosphoric acid 
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[0123] The organic carboxylic acid includes e.g. fatty acids, and the number of cartoon atoms thereof is preferably 
about 2 to 35, more preferably about 6 to 1 8, and nnost preferably about 8 to 1 6. Such fatty acids include e.g. octanoic 
acid (preferably caprylic acid), decanoic acid (preferably capric acid), and dodecanoic acid (preferably laurylic acid 
[sic: lauric acid]), as well as their monoene or polyene fatty acids thereof. 
5 [0124] In the organic sulfonic acid or organic phosphoric acid, the number of carbon atoms thereof is preferably 
about 2 to 35. 

[0125] Any peptide-type compounds orphamiaceutically acceptable salts thereof, including the annino acid sequence 
set forth in SEQ ID NO: 1 wherein a hydroxyl group of 3rd Ser is acylated, are also preferable embodiments of the 
present invention. 

10 [0126] That is, in the second aspect of the present invention, any peptide-type compounds or phamnaceutically ac- 
ceptable salts thereof, including fatty acid-modified peptides wherein a hydroxyl group of 3rd Ser is acylated in the 
amino acid sequence set forth in SEQ ID NO: 8, preferably the amino acid sequence set forth in SEQ ID NO: 1 and 
more preferably the amino acid sequence set forth in SEQ ID NO: 9, are also preferable embodiments of the present 
invention. 

15 [0127] Further, any peptide compounds or pharmaceutically acceptable salts thereof, including fatty acid-modified 
peptides wherein a hydroxyl group of Thr3 is acylated in the amino acid sequence set forth in SEQ ID NO: 8. preferably 
the amino acid sequence set forth in SEQ ID NO: 1 and more preferably an amino acid sequence wherein In the amino 
acid sequence set forth In SEQ ID NO: 9, the amino acid residue serine at the 3rd position from the amino-tennlnal is 
converted into threonine, are also preferable embodiments of the present invention. 

20 [0128] Further, a preferable embodiment of the present invention is a compound or pharmaceutically acceptable 
salts represented by fomnula (2): 

X-AA1-AA2-AA3-Y (2) 

25 

wherein X is a moiety corresponding to a hydrogen atom in an amino group of the ami no-terminal amino acid and 
represents H or a saturated or unsaturated alkyi or acyl group containing one or more carbon atoms; Y is a moiety 
corresponding to a hydroxyl group in an a-carboxyl group of the cariaoxyl-temninal amino acid and represents OH, OZ 
or NR6R7 whereupon Z is a phannaceutically acceptable cation or a lower branched or linear alkyI group; and R6 and 
30 R7 may be the same or different and represent H or a lower branched or linear alkyI group. 
[0129] Here, AA1 represents: 



35 



HN- 



-co- 



wherein n is 1 or 2, R^ and R^' may be the same or different and represent hydrogen or a substituent group, provided 
45 that when n is 2, the two substituent groups R-, may be the same or different; this also applies to R^'. 

[0130] Examples of the substituent group include (1 ) a saturated or unsaturated alkyI chain containing one or more 
cartDon atoms which binds in a mode of linkage selected from the group consisting of ester, ether, thioester, thioether, 
amide and carbamide via or not via an alkyI chain containing one or more carbon atoms, (2) H or a saturated or 
unsaturated alkyI chain containing one or more carbon atoms, and (3) a side chain of natural amino acid. 
50 [0131] Further, the substituent group may be a saturated or unsaturated alkyI chain containing one or more carbon 
atoms, which is bound via a disulfide or thiocarbamide linkage via or not via an alkyI chain containing one or more 
carbon atoms. 
[0132] AA2 represents: 
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10 



Wherein and R,' have the same nneanings as defined above, and R^ represents H or a saturated or unsaturated 
alkyi group containing 1 to 6 carbon atoms, or AA2 represents -CH2-CH(Ri)-CH2- or -CH2-CH(R.)-CO- whereupon R. 
has the same meaning as defined above. 
[0133] AA3 represents: 
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wherein m is an integer of 1 or more, and R^, R^' and R2 have the same meanings as defined above, provided that 
when m is an integer of 2 or more, the two substrtuent groups R^ may be the same or different; this also applies to R. ' 
and Rg. ^ 
[0134] The saturated or unsaturated alkyI containing one or more carbon atoms, which is represented by X, is pref- 
erably C1.20 alkyI such as methyl, ethyl, niDropyl, i-propyl, n-butyl, s-butyl. t-butyl. n-heptyl, n-hexyl, n-decyl vinyl 
propanyl or hexenyl. 

[0135] The acyl represented by X includes C^io carboxylic acid acyl such as fonnyl, acetyl, propionyl or benzoyl, or 

C7.13 sulfonic acid acyl such as benzenesulfonyl naphthalene sulfonyl or the like. 

[0136] The group represented by or R^' is preferably a group represented by e.g. formula (2): 



40 



45 
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-(CH2)n-P-Q (2) 

(wherein n is an integer of 0 to 10, P is -C0-0-, -0-C0-, -0-. -CO-S-. -CS-S-. -S-CO-, -S-, -CO-NH-, -NH-CO- or 

-CO-NH-CO-. Q is H or C^.go. a'M represented by X described above.) Further, P may also be -CO-. 

[0137] Inaddition, Pmaybe-S-S-or-NH-CS-. In every -NH- described above, H may be replaced by a C. agsaturated 

or unsaturated alkyI group, a C6.20 aryl group, or a aralkyi group. 

[0138] More preferably, P is: 

-C0-0-, -CO-, -0-, -S-, -S-S-, -CO-S-, -CO-NH-, -NH-CO- or -NH-CS-. 

[0139] The group represented by R^ or R^ may be a group having Q bound to -(CH2)n directly not via R 

[0140] It is preferable that the lower alkyI group represented by Z, R6 or R7 is Ci^g alkyI such as methyl, ethyl n- 

propyl, i-propyl, n-butyl, s-butyl, t-butyl, i-butyl, n-pentyl or n-hexyl. 

[0141] Hereinafter, preferable embodiments of the peptide compounds according to the present invention are de- 
scribed. 

(1 ) Preferable embodiments of AA1 : (A) amino acids or peptides such as Ser, Gly-Ser or -NH-(CH2)3CH(CH20H) 
CO- where a peptide linkage moiety between two amino acid residues is -(CH2)2- and (B) primary amines, for 
example -NH-(CH2)3CH(CH20H)CH2- where a peptide linkage moiety between two amino acids is -(CH2)2-: 
-NH-(CH2)3CH(Ri)CH2- where a peptide linkage moiety between two amino acids is - (CH2)2-, wherein R^ has the 
same meanings as defined above; and -NH-CH(CH20H)CH2-. 

As (A) amino acids or peptides, NHg-CCHgVCOOH, NH2-C(CH3)2-(CH2)3-COOH and NHo-CH(CHa) 
-(CH2)2-CH(CH3)-COOH can also be exemplified z ^ 3/ 
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(2) Preferable embodiments of AA2 : (A) amino acids such as Ser, homoSer, Cys, homoCys. Asp. Glu, Lys. Ala. 
Val, Leu, homoLeu, lie, homolle, omithine, aminoadipic acid, methionine, ethionine. butionine. and S-methyl 
cysteine, among which Ser Is particularly preferable, and (B) structures other than amino acid residues; for exam- 
ple, there can be mentioned -CH2-CH(Ri)-CO-. -CH2-CH(Ri)-CH2-. etc. wherein has the same meanings as 
5 defined above. 

In particular, amino acids (a) with a hydrophobic side chain, such as leucine, valine, norieucine. homoleucine, 
homolsoleucine. naphthyl alanine or Its analogues thereof, tryptophan, phenylalanine, cyclohexylalanine etc. or 
N-methylamino acids thereof are preferable. Further, amino acids (b) with a side chain having a functional group 
capable of modification with acyl group, alkyi group, alkenyl group or aralkyi group, such as serine, homoserine, 

10 threonine, cysteine, homocysteine, asparticacid, glutamic acid, adipic acid, lysine, omithine etc. and N-methylami- 

no acids thereof are preferable. 

An acyl group, alkyI group, alkenyl group or aralkyi group etc. are bound to side chains of the amino acids (b) 
via an ester, amide, disulfide, ether, thioether, thioester, carbamide or thiocarbamide linkage. Further, an alkyI or 
aralkyi group may be bound to the a-carbon of the amino acid . 

15 (3) Preferable embodiments of AA3: Amino acids or peptides such as Phe or a peptide having an amino acid 

sequence of from the 4th Phe to the 28th Arg from the amino-tenmlnal in the amino acid sequence set forth in SEQ 
ID NO: 2 or 3, or peptides having an amino acid sequence wherein in the amino acid sequence set forth in SEQ 
ID NO: 2 or 3, one amino acid is sequentially deleted starting from the carboxyl-temninal amino acid until the 5th 
Leu from the amino-tenminal. For example, AA3 includes: 

20 

Phe Leu, 
Phe Leu Ser. 
Phe Leu Ser Pro, 
Phe Leu Ser Pro Glu, 
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Phe Leu Ser Pro Glu His , 

Phe Leu Ser -Pro Glu His Gin, 

Phe Leu Ser Pro Glu His Gin Arg, 

Phe Leu Ser Pro Glu. His Gin Lys Ala, 

Phe Leu ser Pro Glu.?His Gin Lys Ala Gin, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys, 
Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys,- • 

Phe Leu Ser Pro Glu-His Gln-Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro; 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pro, 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pjro Ala, • / 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pro Ala Lys , - 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pro Ala Lys'Leu, ' 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pro Ala Lys Leu Gin, 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pro Ala Lys Leu Gin Pro, and 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys 
Lys Pro Pro Ala Lys Leu Gin Pro Arg, 
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[0142] As a matter of course, the amino acids exemplified as AA3 may be L-amino acids or D-amino acids. Further, 
in the amino acid sequences exemplified as AA3, one to several amino acids (preferably up to about 1/3 of the amino 
acid sequence) may be replaced by non-natural amino acid units or non-amino acid units, for example: 

_ NH— (CH2)3CH(CH20H>— 
_NH — (CH2)3CH(CH20H)CO— 
_ NH— CH(CH20H)CH2— 
_NH— (CH2)3CH(Ri)CH2— 
— CH2— CH(Ri)— CO— , or 
_ CH2— CH (Ri )— CH2— 

wherein R, has the same meanings as defined above. When AA3 contains a plurality of groups represented by the 
above formulae and a plurality of groups represented by R^, these groups are the same or different. 
[0143] Further, any amino acids exemplified as AA3 may have substituent groups represented by R^ described 
above. When a plurality of R^ groups are present in a group represented by AA3, these R^ groups may be the same 
or different. 

[0144] When amino acids constituting the peptide have hydroxyl group, mercapto group, imino group or amino group 
in their side chains, preferable examples of such side chains are shown below. In the following examples, R8 is a 
saturated or unsaturated alkyi group containing one or more carbon atoms. Such alkyi chain may have the same 
meanings as defined for the above-described alkyi chain shown by X. 

A) Side chain of Ser; -CHg-O-CO-RB or -CHg-O-RS, 

B) Side chain of homoSen -CH2-CH2-O-CO-R8 or -CH2-CH2-O-R8. 

C) Side chain of Cys; -CHg-S-CO-RS or -CH2-S-R8, 

D) Side chain of homoCys; -CH2-CH2-S-CO-R8 or -CH2-CH2-S-R8, 

E) Side chain of Asp; -CHg-COO-RS or -CH2-CO-NH-R8, 

F) Side chain of Glu; -CH2-CH2-COO-R8 or -CH2-CH2-CO-NH-R8 

G) Side chain of Lys; -(CH2)4-NH-CO-R8, 

H) Side chain of aminoadipic acid; -CH2-CH2-CH2-COO-R8 or CH2-CH2-CH2-CO-NH-R8, 

I) Side chain of ornlthine;-(CH2)3-NH-CO-R8. 

J) An alkyi side-chain in an amino acid such as Ala, Val, Leu, homoleucine, lie, homoisoleucine, S-methyl cysteine, 
methionine, ethionine, or butionine may be a modified alkyi group shown in the formula (2) as described above. 

[0145] Further, the present invention encompasses, as preferable embodiments, an agent for increasing the intrac- 
ellular calcium ion concentration or an agent for inducing GH secretion, which comprises a partial peptide consisting 
of amino acids from the amino-temriinal to 13th, 14th or 15th amino acids in the amino acid sequence of SEQ ID NO: 
2 or 3. In this case, it is not always necessary that the respective amino acid units constituting the partial peptide are 
chemically modified. 

[0146] Further, a preferable embodiment of the present invention is the following peptide-type compound. 
[0147] A ghrelin derivative refers to a peptide-type compound wherein the chemical structure of natural ghrelln is 
partially modified, and short-chain ghrelln refers to a peptide consisting of less than 27 or 28 amino acids, which is 
derived from natural ghrelin of 27 to 28 amino acids by deleting some of the amino acids. Further, an amino acid residue 
at the n-position refers to an amino acid residue at the n-position from the amino-tenninaL 

[0148] The amino-tenminal amino acid of ghrelin or its short-chain ghrelin derivative may be any amino acid (the 
amino-tenninal amino acid of natural ghrelin is glycine) insofar as the a-amino group of said amino acid is not protected, 
or may be either D-or L-amino acid, but it is preferably alanine, valine, aminoisobutanoic acid or butanoic acid. 
[0149] The 2nd residue may be any amino acid (e.g. serine in the natural ghrelin), preferably an amino acid having 
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a small side-chain, such as alanine, serine, histidine, norvaline or a non-amino acid compound 
[01 50] The 1st and 2nd residues may be a 8-amino acid corresponding to two amino acids, for example S-aminooen- 
tanoic acid. 5-amino-5-dlmethylpentanoic acid. 2.5-diaminopentanoic add etc. exemplified in the Examples 
[01 51] The amino acid residues selected at the 3rd and 4th positions may be D- orL-amino acids D- or L-N-meth- 
ylamino acids, oracombination of these amino acids. In particular, it is preferable that the amino acid atthe 3rd positions 
IS an L-ammo acid or both the amino acids at the 3rd and 4th positions are L-amino acids 

. V"^ ^*!."*' °' *e acid residues selected at the 3rd and 4th positions can be suitably 

selected depending on the sequence of amino acids at 1st and 2nd positions. That is, both the 3rd and 4th positions 
residues are preferably L-amino acids In the case of the amino acid sequence Gly-Ser at the 1st and 2nd positions in 
natural ghrel.n. whereas both the 3rd and 4th positions residues may be D-amino acids in the case of another amino 
acid sequence such as Aib-His. Further, if the residues at the 1st and 2nd positions are an S-amino acid (e g ami- 
T™, ■^''^"^ "'"^ ^ '^"^ of 2amino acids,the residues at the 3rd and 4th positions may be L- or D-arnino acids 
[0153] The amino acid residues selected at the 3rd and 4th positions are preferably D- or L-amino acids such as 
leucine, valine, norleucine, homoleucine. homoisoleucine. naphthyl alanine and its homologues thereof tryptophan 
phenylalanine and cyclohexyl alanine or D- or L-N-methylamino acids thereof. ■ h . 

[0154] The amino acid residues selected at the 3rd and 4th positions are more preferably aromatic hydrophobic 
T "^'^''^y ^"'^ homologues thereof, tnrptophan, phenylalanine and cyclohexyl alanine 

among the hydrophobic amino acids described above. 

[01 35] Further, the amino acid residues selected at the 3rd and 4th positions are preferably basic amino acids such 
as lysine, arginine and histidine. Especially, lysine is preferable. 

K3 Vl^ """'^"'^ ^° "a®"^ these basic amino acids, thus further improving the Ca-releasing activity 

[0157] The ammo acid residues selected at the 3rd and 4th positions are preferably those having functional groups 
in their side chains, which can be modified with an acyl group (alkanyl group, alkenonyl group or aryl alkanyl group) 
an alkyi group or an aralkyi group, and preferable examples of such amino acids residues include serine, homoserine 
threonine, cysteine, homocysteine, aspartic acid, glutamfc acid, adipic acid, lysine, ornithine etc 
n ^f? M ."L^^'^S ^^^^ --^^^tiv^ side chains may be either D- or L-amino acids ortheir corresponding 

D- ort--N-methyl ammo acids, but it is particularfy preferable that the 3rd position residue is an L-amino add or both 
the 3rd and 4th positions residues are L-amino acids. 

S?!!. """f ^^"'J^ side chains of these amino acids may be bound an acyl group such as alkanyl group (the number 
of carbon atoms thereof is 2 to 35. preferably 6 to 18, more preferably B to 12). an alkenonyl group (the number of 
''k I P'«t«^a'"y6to 18. more preferably 8 to 12). an aryl alkanyl group (benzoyl, phenacetyl 

phenyl butyorl. naphthoyl. naphthyl acetyl or naphthyl propionyl group etc.). an alkyI group (the number of carbon aton« 

'^^"^ ' IV^' ' '° 9^°"P Phenetyl. phenyl propyl 

pheny^ butyl phenyl pentyl, naphthyl methyl group etc.) via acarbamate, thiocarbamate. ester, amide, disulfide ether 
hioether or thioester linkage Further, the aforementioned alkyi and aralkyi groups may be bound not via the I nkage 
to the a-carbon atoms of ammo acids at the 3rd and 4th positions. 

[0160] The combination of amino acid residues selected at the 3rd and 4th positions is preferably a combination of 
«c thT'ir' . """^ ^ hydrophobic side chain as the 3rd position amino add residue and a hydrophobte amino acid 
as the 4th position amino acid residue. 

40 [0161] The 3rd position amino acid residue having a hydrophobte side chain is preferabV a modified amino acid into 
the a carbon of which (a) a saturated or unsaturated alkyI chain containing one or more carbon atoms was introduced 
via or no via an alMene group containing one or more carbon atoms and via an ester, ether, thioether, amide or 
disulfide nkage. or (b) a saturated or unsaturated alkyI chain containing one or more carbon atoms was introduced 
In particular, a modified ammo acid into the a-carbon of which a saturated alkyI chain containing one or more carbon 

« atoms was introduced Is more preferable. moie tdroon 

^?K?^ .^f °^ ""^y an amide, an alkyI amide (e.g. methyl amide or 

ethyl amide), or an aralkyi amide (e.g. benzyl amide, adamantane amide or adamantahe alkyI amide) 

[0163] Further, a basic group such as amino group or guanidido group may be bound to the alkyI or aralkyi amide 

^ 35 NHCH^Si^-NHr'''' "''^'"^■''''^^"^-NHa, -CONH-CH2NHCH3. -CONH-CH2CH2CH2-NH-C(NH2)=NH, and 
'*^f- ° aci*J such as arginine, lysine and histidine may be added to the carboxyl group of amino acid 

rni«, 4!°^ ''"^ ""^y ^ °' '--a'"'"° a°'d- a racemate. or D- or L-N-methyl amino acid 

[0165] The carboxyl group of the amino add may be an alkyI or aralkyi amide as described above Further a basic 
group such as amino group or guanidido group may be added to the alkyI or aralkyi amide. The basic group includes 

55 those exemplified above. ^ 

[0166] As an amino acid sequence of amino add at the 5th position and subsequent amino acids, a sequence of 
any length consisting of leucine at the 5th position and subsequent amino acids up to amino acid atthe 28th position 
in human or rat ghrelin may be added to amino add at the 4th position. 
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[0167] Such amino acid sequences are preferably ghrelin (1-5), ghrelin (1-6), ghrelin (1 -7), ghrelin (1-8). ghrelin (1-9), 
ghrelin (1-10). and ghrelin (1-11) where ghrelin (m-n) refers to a peptide having an amino acid sequence at the m- to 
n-positions from the amino-terminal in ghrelin. In particular, ghrelin (1-5) is preferable. 
[0168] The carboxyl-temiinal thereof is preferably an alkyi or aralkyi amide as described above. 
5 [0169] Further, a basic group such as amino group or guanidido group may be bound to the alkyI or aralkyi amide. 
The basic group includes those exemplified above. 

[0170] Further, a basic amino acid such as arginine, lysine and histidine may be added to the carboxyl-terminal amino 
acid of a carboxyl-tenn in al -deleted ghrelin derivative wherein an amino acid sequence of any length consisting of amino 
acids from amino acid at 5th position up to amino acid at 28th position was added to the carboxyl-tenminal of ghrelin 
10 (1-4). 

[0171] This basic amino acid may be a D - or L-amino add. a racemate, or D- or L-N-methyl amino acid. 
[0172] The carboxyl group of the basic amino acid may be an alky I or aralkyi amide as described above. Further, a 
basic group such as amino group or guanidido group may be bound to the alkyI or aralkyi amide. The basic group 
includes those exemplified above. 
15 [0173] In a particularly preferable embodiment, the cartDoxyl-tenninal amino acid of ghrelin (1-5), ghrelin (1-6) and 
ghrelin (1-7) is a D- or L-amIno acid or its con-esponding D- or L-N-methyl amino acid. 

[0174] Further, basic amino adds such as arginine, lysine and histidine may be added to resides at the 5th, 6th and 
7th position, and these basic amino acids may be D- or L-amino acids, racemates, or D- or L-N-methyl amino acids. 
[0175] The carboxyl group of such a basic amino acid may be an alkyI or aralkyi amide as described above. Further, 
20 a basic group such as amino group or guanidido group may be bound to the alkyI or aralkyi amide. The basic group 
includes those exemplified above. 

[0176] In a preferable embodiment in the present invention, the peptide compound of the present invention in the 
case where the cariDOxyl-temninal is an alkyI or aralkyi amide as described above may be an amide derivative wherein 
an amino group is further bound to the alkyI or aralkyi group. Specifically, a peptide compound wherein the carboxyl- 
25 temninal is e.g. aminoethyl amide can be mentioned. 

[0177] The peptlde-type compound of the present invention wherein the cartaoxy I -terminal is an amide or an amide 
derivative as described above is a useful compound because of its resistance to decomposition by enzymes such as 
cartDoxy peptidases in vivo. 

[0178] Similarty. the peptide-type compound of the present invention including N-methyl amino acid is also a useful 

30 compound because of its resistance to enzymes. 

[0179] The peptlde-type compound of the present invention can be obtained in a usual manner. For example, it can 
be isolated from a natural source as mentioned above or produced by recombinant DNA technology and/or chemical 
synthesis. Further, when a modification (e.g.. acylation) in the amino acid residues is necessary, the peptide compound 
can be subjected to a modification reaction by well-known methods in the art. 

35 [01 80] Specif ically, the peptide-type compound of the present invention can be obtained by culturing host cells trans- 
formed with an expression vector hartaoring a DNA coding the peptide of the present invention and then recovering 
the desired peptide from the culture. 

[0181] By selecting the host cells, a compound having the desired peptide modified by e.g. acylation in the cells can 
be obtained. When said peptide is not modified, a modification reaction such as acylation can be conducted as nec- 

40 essary by well-known methods in the art. For the acylation reaction, enzymes such as lipase can also be used. 

[0182] The vector in which the gene is to be integrated includes e.g. E. co// vectors (pBR322, pUCI 8, pUC19 etc.), 
Bacillus subtilis vectors (pUBIIO. pTP5, pC194 etc.), yeast vectors (YEp type, YRp type. Yip type), or animal cell 
vectors (retrovirus, vaccinia virus etc.), but any other vectors capable of maintaining the desired gene stably in host 
cells can also be used. The vector is introduced into suitable host cells. For integrating the desired gene into a plasmid 

45 and introducing the plasmid into host cells, methods described in Molecular Cloning (Sambrook et al., 1989) can be 
used. 

[0183] To express the desired peptide gene in the above plasmid, a promoter is linked operatively upstream of said 
gene. 

[01 84] The promoter used in the present invention may be any suitable promoter compatible with host cells used for 
so expression of the desired gene. For example, lac promoter, trp promoter, Ipp promoter, XPL promoter, recA promoter 
etc. can be used in the genus Escherichia as host cells to be transfomned; SP01 promoter, SP02 promoter etc. can be 
used in the genus Bacillus:, GAP promoter, PH05 promoter, ADH promoter etc. can be used in yeasts; and SV40-derived 
promoter, retrovims-derlved promoter etc. can be used in animal cells. 

[0185] The desired gene-containing vector obtained in this manner is used to transfomn host cells. The host cells 
55 include microorganisms (for example, the genus Escherichia, the genus Bacillus etc.), yeast (the genus Saccharomy- 
ces, the genus Pichia, the genus Candida etc.), animal cells (CHO cells, COS cells etc.) etc. The medium for culture 
is preferably a liquid medium, and particularly preferably the medium containing a cartDon source, a nitrogen source 
etc. necessary for growth of the transformed cells to be cultured. If desired, vitamins, growth promoters, semm etc. 
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can be added. 

[0186] For directly producing the fatty acid-modified peptide, the cells are preferably those having the activity of a 
processing protease capable of cutting a suitable site in a precursor polypeptide of said peptide and the activity of 
acylating the serine residue in said peptide. Host cells having such processing protease activity and serine-acylating 
activity can be obtained by transfonning host cells with an expression vector containing a cDNA coding said precursor 
polypeptide and then selecting the transf onmed cells by conf inning whether or not they produce the fatty acid-modified 
peptide having a Ca-releasing activity or a GH secretion-inducing activity. 

[01 87] Afterculture, the peptide of the present invention is separated and purified from the culture in a usual manner. 
To extract the desired product from the cultured microorganisms or cells, for example, the microorganisms or cells after 
culture are collected and suspended in a buffer containing a protein denaturant (e.g. guanldine hydrochloride) and the 
microorganisms or cells are disnjpted by sonication etc. and then centrifuged. To purify the desired product from the 
supernatant, separation and purification methods such as gel filtration, ultrafiltration, dialysis, SDS-PAGE, various 
chromatographic techniques can be suitably combined in consideration of the molecular weight, solubility, charge (iso- 
electric point), affinity etc. of the desired product. 

[01 88] The peptide compound of the present invention can be chemically synthesized in a usual manner. For exam- 
ple, amino acids having protective groups are condensed by a liquid phase method and/or a solid phase method to 
extend a peptide chain, then all protective groups are removed therefrom by an acid, and the resulting crude product 
is purified by the above purification techniques to give the desired peptide compound. An amino acid residue at the 
desired site can be acylated selectively by an acylase or acyl transferase. 

[0189] Various methods have been well established for production of peptides, and the peptide-type compound of 
the present invention can also be easily produced by such known methods. For example, the peptide-type compound 
may be synthesized by the classical peptide synthesis method or by the solid phase method. 

[0190] Hereinafter, a process for producing the peptide compound of the present invention by a combination of re- 
combinant DNA technology and chemical synthesis is described by reference to examples. 

[0191] Active esters of amino-tenninal peptides, for example. (1) Boc-Gly-Ser(Bu)-Ser(R1 0)-Osu. (2) Boc-Gly-Ser 
(Bu)-Ser(RI 0)-Phe-Osu, and (3) Boc-Gly-Ser(Bu)-Ser(R1 0)-Phe-Leu-Osu, are chemically synthesized and then bound 
to cartDoxyl-tenninal peptides produced by recombinant DNA technology, that is, (4) FLSPEHQRVQQRKESKKPPA- 
KLQPR, (5) LSPEHQRVQQRKESKKPPAKLQPR. and (6) SPEHQRVQQRKESKKPPAKLQPR. respectively; that is, 
(1 ) is bound to (4), (2) to (5). and (3) to (6), whereby peptide compounds each consisting of 28 amino acids are obtained 
respectively Specifically, XXXXZSPEHQRVQQRKESKKPPAKLQPR is expressed in £ co//followed by protection of 
its amino groups with Boc2(0) to give Boc-XXXXZSPEHQRVQQRK(Boc)ESK(Boc)K(Boc)PPAK(Boc)LQPR Then 
the resulting peptide is converted into NH2-SPEHQRVQQRK(Boc)ESK(Boc)K(Boc)PPAK(Boc)LQPR by cleavage with 
an enzyme selective for the cartjoxyl-tenninal of amino acid 2. This compound is mixed with Boc-Gly-Ser(Bu)-Ser(R1 0) 
-Phe-Leu-Osu in an aqueous neutral to weak alkaline solution, and the resulting BocGlySer(Bu)Ser(R10)FLSPE- 
HQRVQQRK(Boc)ESK(Boc)K(Boc)PPAK(B oc)LQPR is treated with trifluoroacetic acid, whereby the desired product 
can be obtained. 

[01 92] The above one-letter notation of amino acid is in accordance with a description in Cellular Molecular Biology 
3rd edition published on December 1 0, 1 997 by Newton Press Co., Ltd. 

[01 93] In addition, Boc represents t-butyloxycart3onyl, Osu represents a residue derived from N-hydroxysuccinimide 
by eliminating hydrogen from the hydroxyl group thereof, Bu represents a butyl group, and RIO represents the sub- 
strtuent group of the modified amino acid according to the present invention, 

[0194] Salts of the peptide-type compound of the present invention are preferably phannaceutically acceptable salts 
including, for example, salts with inorganic bases, salts with organic bases, salts with inorganic acids, salts with organic 
acids, and salts with basic or acidic amino acids. 

[0195] Preferable examples of the salts with Inorganic bases include alkali metal salts such as sodium salts, potas- 
sium salts etc.; alkaline earth metal salts such as calcium salts, magnesium salts etc.; and aluminum salts, amrrionium 
salts etc. 

[0196] Preferable examples of the salts with organic bases include salts with trimethylamine. triethylamine, pyridine, 
picoline, ethanolamine, diethanolamine, triethanolamine, dicyclohexyl amine, N,N'-dibenzylethylene diamine etc. 
[0197] Preferable examples of the salts with inorganic acids include salts with hydrochloric acid, hydrobromic acid, 
nitric acid, sulfuric acid, phosphoric acid etc. 

[0198] Preferable examples of the salts with organic acids include salts with fonnic acid, acetic acid, trifluoroacetic 
acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, methanesulfonic acid, 
benzenesulfonic acid, p-toluenesulfonic acid etc. 

[0199] Preferable examples of the salts with basic amino acids include salts with arginine, lysine, omithine etc.. and 
suitable examples of the salts with acidic amino acids include salts with aspartic acid, glutamic acid etc. 
[0200] Among these salts, sodium salts and potassium salts are most preferable. 

[0201] The peptide-type compound of the present invention or phannaceutically acceptable salts thereof are low 
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toxic and have a GH-secretion inducing action, and they can be administered as such or after mixed with known, 
pharmaceutically acceptable carriers, excipients, vehicles augmentors etc., to a mammal (for example, human being, 
mouse, rat, rabbit, dog, cat, bovine, horse, porcine, monkey etc.). In the case of Intravenous injection into an adult, the 
daily dose is 0.01 to 5 mg/kg. preferably 0.04 to 1 ,5 mg/kg. TTiis dose is administered desirably once to thrice every 
5 day. The peptide-type compound of the present invention is compounded with phannaceuticalty acceptable carriers 
and can be orally or parenterally as solid pharmaceutical preparations such as tablets, capsules, granules, powders 
etc. or as liquid pharmaceutical preparations such as syrups, injections etc. 

[0202] The pharmaceutrcally acceptable can-iers include a wide variety of organic or inorganic earners which are 
customarily used as phamnaceutical materials, and these are compounded as vehicles, lubricants, binders, disintegrant 
10 in solid pharmaceutical preparations or as solvents, adjuvant, suspending agents, isoton icity-confening agents, buffers 
and soothing agents in liquid pharmaceutical preparations. 

[0203] As necessary, phamnaceutical additives such as preservatives, antioxidants, coloring agents, sweeteners etc. 
can also be used. 

[0204] Preferable examples of the vehicles include e.g. lactose, white sugar, D-mannitol, starch, crystalline cellulose, 
15 light anhydrous silicic acid etc. Preferable examples of the lubricants include magnesium stearate, calcium stearate, 
talc, colloidal silica etc. 

[0205] Preferable examples of the binders Include crystalline cellulose, white sugar, D-mannitol, dextrin, hydroxy- 
propyl cellulose, hydroxypropylmethyl cellulose, polyvinyl pyrrolldone etc. 

[0206] Preferable examples of the disintegrant Include starch, cartaoxymethyl cellulose, cartaoxymethyl cellulose cal- 
20 cium, croscalomelose sodium, carboxymethyl stanch sodium etc. 

[0207] Preferable examples of the solvents include water for injection, alcohol, propylene glycol, macrogol, sesame 
oil, com oil etc. 

[0208] Preferable examples of the solubilizers include polyethylene glycol, propylene glycol, D-mannitol, benzyl ben- 
zoate, ethanol, trisaminomethane, cholesterol, triethanolamine, sodium carbonate, sodium citrate etc. 

25 [0209] Preferable examples of the suspending agents include surfactants such as stearyl triethanolamine, sodium 
lauryl sulfate, lauryl aminopropionic acid, lecithin, benzalconium chloride, benzethonium chloride and glycerin mono- 
stearate, and hydrophilic polymers such as polyvinyl alcohol, polyvinyl pyrrolidone, carboxymethyl cellulose sodium, 
methyl cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose and hydroxypropyl cellulose. 
[0210] Preferable examples of the isotonicity-confening agents include sodium chloride, glycerine, D-mannitol etc. 

30 [021 1] Preferable examples of the buffers Include buffer solutions such as phosphates, acetates, carbonates, citrates 
etc. 

[0212] Preferable examples of the soothing agents include benzyl alcohol etc. 

[0213] Preferable examples of the preservatives include p-oxyesterbenzoates, chlorobutanol, benzyl alcohol, 
phenetyl alcohol, dehydroacetic acid, sort)ic acid etc. 
35 [0214] Preferable examples of the antioxidants include sulfites, ascorbic acid etc. 

[0215] The above pharmaceutical composition brings about an effect equal to or higher than the effect of GH upon 
administration and can reduce various side effects caused by administration of GH. 

[0216] As diseases attributable to deficiency or reduction in GH, the diseases to which the pharmaceutical compo- 
sition can be applied or the effects of the phamnaceutical composition include, but are not limited to, activation of 

40 osteoblasts and re-constitution of bone in people with dwarfism and nomnai human beings, enhancement of muscular 
strength and muscular amount in GH-deficient adults, improvement of motility in GH-deficient adults, remedy of heavy 
bums in children, its combined use with gonadotropins in induction of ovulation, prevention of abnormalities in protein 
metabolism by administration of prednisone, promotion of T cell "education" in heavy immune disorder, the effect of 
inhibiting reduction of the body weight of the aged and the effect of enlarging adipose tissues and preventing dermal 

45 atrophy. 

[0217] Further, the diseases or effects not directly correlated with deficiency or reduction In GH include e.g. the effect 
of increasing pulsatile flow as shown in Example 7, and thus it is effective for treatment of cardiac diseases such as 
cardiac failure etc. 

[0218] The effect of the phamnaceutical composition is not restricted to human beings. That is, it has an effect on 
50 growth promotion for animals, reduction of fat in meat, etc., which is equal to or higher than administered GH. 

[0219] For example, as shown in Example 13, the phamnaceutical composition of the present invention exhibits an 
appetite-promoting action upon administration into ventricle or intravenous administration, so it can be used as an 
appetite promoter for treating anorexiai or sitophobia. 

[0220] In addition, as shown in Example 14, the phannaceutical composition of the present invention has a stomach 
55 motility- and gastric acid secretion-promoting action, and thus it can also be used as an agent for treating stomach 
functional diseases such as non-diabrotic dyspepsia, sudden light stomach atony, functional dyspepsia, and reflux 
esophagitis. 

[0221 ] Further, as shown for example in Example 1 5, the pharmaceutical composition of the present invention exhibits 
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a cell growth-promoting action in bone marrow, duodenum and jejunum by intravenous administration, and thus it can 
be used as an agent for protecting small intestine tunica mucosa, an agent for preventing damage to small intestine 
tunica mucosa during intravenous nutrition and an agent for treating osteoporosis. 

[0222] Further, the phamiaceutical composition described above has an effect for treating the diseases or for im- 
proving the physical conditions described below. 

[0223] For example, rt can be used for stimulative treatment for release of growth homiones in the aged, prevention 
of catabolic side effects of sugar cortico ids, prevention and treatment of osteoporosis, stimulation at immune system, 
promotion of remedy of damages, promotion of repair of broken bone, treatment of growth delay, treatment of renal 
insufficiency or functional insufficiency attributable to growth delay, treatment of insufficient conditions correlated with 
physiological insufficient conditions including growth honnone-deficient children and chronic diseases, treatment of 
obesity and growth delay correlated with obesity, treatment of growth delay correlated with Plauda-Villi syndrome and 
Taner syndrome, promotion of recovery of bum patient and reduction in hospitalization, treatment of intrauterine growth 
delay, skeleton mulformation, hypercortlcoid disease and Cusshing syndrome, induction of release of pulsatile growth 
honnone, replacement of growth homnone in stressed patients, cartilage mulformation, Noonan syndrome, schizophre- 
nia, depression, Alzheimer's disease, remedy of delayed repair of damage and physicosocial deprivation, treatment 
of pulmonary insufficiency and respiratory organ dependence, decrease of catabolic reaction of protein after major 
operation, reduction of protein loss and cachexia caused by chronic diseases such as cancer and AIDS, treatment of 
hyperinsulinism Including pancreas nesidioblastosis, adjuvant therapy for induction of ovulation, and treatment of pa- 
tients with immune repression, improvement of muscular strength and motility, maintenance of thickness of skin in the 
aged, metabolic homeostasis and renal homeostasis, stimulation of osteoblast, re-fomiation of bone and stimulation 
of cartilage growth, in orderto stimulate growth of thymus and to prevent deterioration in thymic functions accompanying 
aging. 

[0224] Further, the following effects on animals are also expected. For example, mention is made of an increase in 
the rate of animal growtii, an increase in production of milk and fur in animals, stimulation of the immune system in pet 
animals, treatment of diseases caused by advanced age in pet animals, growth promotion of domestic animals, and 
an increase in fur in sheep. 

[0225] An antibody whose antigen is fatty acid-modified peptide of the present invention having a Ca-releasing activity 
or a GH secretion-inducing activity can be obtained by a metfiod known in the art. The antibody may be a monoclonal 
or polyclonal antibody, and can be obtained by a method known in the art. Further, a method for measuring the fatty 
acid-modified peptide using said antibody and a measuring kit using said measuring method can also make use of a 
method known in the art. 

[0226] As described in Example 1 7, antibodies to amino- and carboxyl-temninal peptides from ghrelin are prepared 
respectively, and since the fomrier recognizes fatty acid-modified serine at the 3rd position, both the antibodies can be 
used to separate and quantify ghrelin modified with a fatty acid and ghrelin from which the fatty acid was eliminated. 
[0227] The antibodies to amino- and carboxyl-tenninal peptides in ghrelin can be obtained in a known method, and 
they may be monoclonal or polyclonal antibodies. 

[0228] For the present peptide-type compound having a modified amino acid at the 3rd position from the amino- 
temninal or a phamriaceutically acceptable salt thereof, an antibody which specifbally recognizes a side chain of 3rd 
amino acid residue (preferably a fatty acid) and binds to an amino-temninal partial peptide of the peptide-type compound 
can also be produced in the same manner. In addition, for the peptide-type compound of the present invention or a 
phamriaceutically acceptable salt thereof, an antibody which binds specifically to the peptide having a modified amino 
acid can also be produced in the same manner. 

[0229] The present invention also encompasses an examination kit comprising a combination of an antibody spe- 
cifically recognizing a side chain of the modified amino acid and an antibody recognizing amino acids (or a peptide) 
excluding the modified amino acid and/or a non-amino acid compound, preferably an antibody to a carboxyl-tennlnal 
partial peptide of the peptide-type compound of the present Invention or of a phamriaceutically acceptable salt thereof, 
as described above. 

[0230] Further, the present invention encompasses an assay method wherein the peptide-type compound of the 
present invention having a modified amino acid, preferably an acylated amino acid, or a phamiaceutically acceptable 
salt thereof, and the peptide-type compound of the present invention not containing amodified amino acid, or a phar- 
maceutically acceptable salt tiiereof, are separated and detected by use of said examination kit. 
[0231] Hereinafter, the assay method and examination kit described above are described by reference to their em- 
bodiments, which however are not intended to limit the present invention. 

[0232] That is, the assay method includes, for example, (i) a method of quantifying the peptide-type compound etc. 
of the present invention in a test solution, which comprises allowing a test material in a test solution and the labeled 
peptide-type compound etc. of the present invention to react competitively with an antibody to the peptide-type com- 
pound etc. of the present invention and then detemiining the ratio of the labeled peptide-type compound etc of the 
present invention bound to said antibody, and (ii) a method of quantifying the proteins etc. of the present invention in 
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a test solution, which comprises allowing a test solution to react with the antibody of the present invention insolubilized 
on a carrier and another labeled antibody of the present invention simultaneously or successively and then measuring 
the activity of the labeling agent on the insolubilizing carrier and/or the activity of the labeling agent not captured on 
the insolubilizing carrier. In the quantification methods (i) and (ii). it is preferable that one antibody is an antibody 
5 recognizing an amino-temriinal region of the protein etc, of the present invention, while the other antibody is an antibody 
reacting to a carboxyl-temninal region of the protein etc. of the present invention, 

[0233] In the method of assaying the peptide-type compound etc. of the present invention, the monoclonal antibody 
against said compound (also referred hereinafter to as the anti-protein antibody) can be used not only for quantifying 
the protein etc. of the present invention, but also for detection thereof by tissue staining etc. 
10 [0234] For these purposes, either the antibody molecule itself or an F(ab')2, Fab* or Fab fraction of the antibody 
molecule may be used. 

[0235] The method of quantifying the peptide-type compound etc. of the present invention by use of said antibody 
is not particularly limited as long as the method comprises detecting the amount of the antibody corresponding to the 
amount of the antigen (e.g., the amount of the protein), the antigen or an antigen-antibody conjugate in a test solution, 
15 by chemical or physical means and calculating it on the basis of a standard curve prepared using standard solutions 
containing known amounts of the antigen. For example, nephelometry, the competitive method, the immunometric 
method and the sandwich method are preferably used, but the sandwich method described later is particularty prefer- 
ably used In respect of sensitivity and specificity. 

[0236] For a measurement method using a label in the assay method of the present invention, the label includes e. 
20 g. a radioisotope, an enzyme, a fluorescent material and a luminescent material. 
[0237] The radioisotope includes, for example, ""^si, 131|^ 3h, "i^c etc. 

[0236] The enzyme is preferably a stable enzyme with high specific activity, which includes, for example, p-galac- 
tosidase, p-glucosidase, alkali phosphatase, peroxidase and malate dehydrogenase. 
[0239] The fluorescent material includes, for example, fluorescamine and fluorescein isocyanate. 
25 [0240] The luminescent material includes, for example, luminol, luminol derivatives, luciferin, and lucigenin. 
[0241] Further, a biotin-avidin system can also be used for binding the label to the antibody or antigen. 
[0242] Hereinafter, the present invention is described in more detail by reference to the Examples. Unless otherwise 
specified, the genetic manipulation means were in accordance with Molecular Cloning (Sambrook et al., 1989). 

30 Example 1 . Creation of a cell strain expressing GHS-R and measurement of Ca-releasing activity. 

[0243] To assay an increase in the intracellular calcium ion concentration (Ca-releasing activity) occurring upon bind- 
ing of a GH secretagogue (GHS) to GHS-receptor (GHS-R), a cell strain expressing rat GHS-R was created in the 
following manner. A full-length cDNA for rat GHS-R was obtained by RT-PCR (reverse transcriptase-polymerase chain 
35 reaction) where a cDNA derived from rat brain was used as template. From the nucleotide sequence of known rat 
GHS-R [K. K. Mckee, et al. Molecular Endocrinology 415-423 (1 997)]. sense and antisense primers consisting of 
the following nucleotide sequences were synthesized. 

40 Sense primer: 5 ' -ATGTGGAACGCGACCCCCAGCGA-3 ' 

Antisense primer : 5 ' - ACCCCCAATTGTTTCCAGACCCAT-3 ' 

45 [0244] The amplified cDNA was ligated to vector pcDNAIII (Invitrogen) to constnjct expression vector GHSR-pCD- 
N All I. CHO cells were transformed via the expression vector, and the transfonned cells stably expressing GHS-R were 
selected in a medium containing 1 ng/ml G41 8. The selected cell strain CHO-GHSR62 responded to 1 Q-io to 1 Q-® M 
GHRP-6 (Growth Homnone-Releasing hexapeptide). A change in the intracellular calcium ion concentration (Ca-re- 
leasing activity) was measured by an FLIPR system (Molecular Device). Before this measurement, 4x10^ 

50 CHO-GHSR62 cells were put to a 96-well microplate with black wall (Coming Co., Ltd) and cultured for 12 to 15 hours. 
Then, the cells were incubated with 4 ^iM fluorescent Fluo4 (Molecular Probe Co., Ltd) for 1 hour and washed four times 
with Hank's BSS (Hank's Balanced Salt Solution) containing 20 mM Hepes ([A/-2-hydroxyethyl]-pipera- 
zine-A/-[2-ethanesulfonic acid]) and 2.5 mM probenecid, and the Ca-releasing activity was assayed by adding a sample 
and measuring a change in the fluorescence. 

55 

Example 2. Purification of an endogenous GH secretion -inducing peptide 

[0245] Using the CHO-GHSR62 cells described in Example 1 . a wide variety of rat-derived tissues and organs were 



35 



RM5;nOClD: <EP 1197496A1 I > 



EP 1 197 496 A1 



10 



15 



20 



examined for their Ca-releasing activity, and as a result, it was found that a peptide extract derived from rat stomach 
has a strong Ca-releasing activity even in a small amount of 0.5 mg. Accordingly, a peptide having the Ca-releasing 
activity was purified from a rat stomach extract by several kinds of chromatography. 

[0246J 40 g fresh rat stomach was boiled for 5 minutes In 5-fold boiling water to inactivate proteases present in it 
After cooling, the boiled sample was placed in 1 M AcOH-20 mM HCI, followed by extracting the peptide by a Polytron 
nnixer. The extract was centrifuged at 11 ,000 rpm for 30 min.. and the supernatant was concentrated Into about 40 ml 
in an evaporator. The concentrate was precipitated with acetone by adding acetone thereto at a concentration of 66 
%. and after the fonned precipitates were removed, the acetone in the supernatant was evaporated The supernatant 
was applied to 10 g Sep-Pak CIS cartridge (Waters Co.,Ltd) previously equilibrated with 0.1% TFA (trifluoroacetic 
acid), washed with 10 % CH3CN/0.1%TFA and then eluted with 60% CHaCN/O.^/o TFA. After the solvent in the eluate 
was evaporated, the sample was lyophilized. The lyophilized sample was dissolved in 1 M AcOH and absorbed onto 
SP-Sephadex C-25 (H+ type) previously equilibrated with 1 M AcOH. The sample was eluted stepwise with 1 M AcOH 
then with 2 M pyridine, and finally with 2 M pyridine-AcOH (pH 5.0). whereby 3 fractions, that is SP-I SP-II and SP-lli 
were obtained respectively The SP-III fraction was applied to a Sephadex G-50 gel filtration column, and an aliquot 
of each fraction was assayed for Ca-releasing activity by use of the CHO-GHSR62 cells. A profile in Sephadex G-50 
column chromatography is shown in Fig. 1 a, and active fractions (fractions 43 to 48 in Fig. 1 a) having molecular weights 
of about 3.000 were fractionated by high performance liquid chromatography (HPLC) by CM-ion exchange on TSK 
CM-2SW column (4.6X250 mm, TosohCorp.)atpH 6.4. The active fractions byCM-HPLC were secondarily fractionated 
by CM-HPLC on the same column at pH 4.8 (Fig. 1 b). The active fractions (elution time of 55 to 56 minutes in Fig 1 b) 
were purified to homogeneity by reverse phase HPLC on jiBondasphere C-18 column (3.9x150 mm Waters Co Ltd) 
From 40 g of the rat stomach, 1 6 ng peptide having a Ca-releasing activity was purified and designated as ghre'lin. 

Example 3. Structural analysis of ghrelin 

[0247] The amino acid sequence of the purified ghrelin derived from rat was detemnined by a peptide sequencer 
(ABI 494, Applied Biosysytems Co..Ltd). The ghrelin was a peptide composed of 28 amino acid residues consisting of 
the following sequence: Giy Ser Xaa Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin Pro Arg where Xaa is an unWentified amino acid. On the basis of the nucleotide sequence of the rat 
cDNA. Xaa was estimated to be Ser, indicating a certain modification on Ser in the peptide. 

[0248] Accordingly, unmodified ghrelin wherein serine at the 3rd position from the amino-terminal was chemicalh/ 
synthesized by a peptide synthesizer (ABI 433A, Applied Biosystems Co.,Ltd). Because the elution time of the unmodi- 
fied synthetic ghrelin in reverse phase HPLC was significantly different from that of natural ghrelin (Fig 2a) the un- 
modified synthetic ghrelin was found to be more significantly hydrophilic than natural ghrelin 

[0249] From the above result, it was found that in natural ghrelin, serine at the 3rd position from the amino-terminal 
(3rd senne) has been modified with a hydrophobte residue. 
[0250] To reveal the modifying group on Srdserine, the purified ghrelin was analyzed by electrospray ionization mass 
spectrometiy (ESI-MS). The found molecular weight (331 4.9t0.7) of natural ghrelin was greater by about 1 26 than the 
molecular weight (3188.5) of the unmodified ghrelin peptide which was estimated from the nucleotide sequence of the 
cDNA. From the above result, it was found that the hydroxyl group of 3rd serine in natural ghrelin has been modified 
40 with n-octanoyi (C8 : 0) fatly acid. 

[0251] To confimi this, the n-octanoyI (C 8 : 0) ghrelin peptide was chemically synthesized and examined for its 
elution time in reverse phase HPLC. In chemical synthesis of the n-octanoyI (C8 : 0) peptide, the peptide wherein all 
functional groups except for the hydroxyl group of 3rd serine were protected was synthesized by the Fmoc solid phase 
method using a peptide synthesizer (ABI 433A. Applied Biosystems Co.,Ltd), and then the desired peptide was obtained 
by acylation of the hydroxyl group of 3rd serine with n-octanoic acid and ethyl-3-(3-dimethylaminopropyl)cart)odilmlde 
in the presence of 4-(dimethylamino)pyridlne. The synthetic n-octanoyI peptide Indicated the same elution time as that 
of the purified natural ghrelin (Fig. 2a). Further, the synthetic n-octanoyI peptide and a peptide fragment at the 1st to 
4th positions from the amino-temiinal (Gly 1-Phe 4) which was obtained by treating natural ghrelin with chymotrypsin 
showed the same retention time in reverse phase HPLC. 

[0252] From the above result, it was concluded that the natural ghrelin derived from rat has the amino acid sequence 
set forth in SEQ ID NO: 2. wherein the hydroxyl group of 3rd serine has been acylated with n-octanoic acid (caprvlic 

acid) (Fig, 2c). ' 

[0253] Further, human ghrelin was purified from a human stomach extract, and It was found that its structure has 
the ammo acid sequence set forth in SEQ ID NO: 3, wherein the side-chain hydroxyl group of 3rd serine has been 
acylated with n-octanoic acid (caprylic acid) (Fig. 4a). 

[0254] The structures of the rat- and human-derived ghrelins were determined using those purified as the first-peak 
fractions (elution time of 55 to 56 minutes) out of the active fractions in Fig. 1 b. and after purification, the structure of 
the other active fractions in Fig. 1 b was also analyzed in the same manner, indicating the presence of not only caprylic 
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acid (C8 : 0) but also its monoene acid (C8 : 1), capric acid (C10 : 0) and its monoene acid (C10 : 1). and lauric acid 
(CI 2 : 0) and its monoene acid (C12 : 1) as the modifying fatty acid on 3rd serine. 

[0255] Further, chicken, eel and frog ghrelins were purified from stomach extracts In the same manner as In Example 
2 and analyzed for their structure in the same manner as In Example 3. It was found that the chicken ghrelin has the 
5 amino acid sequence shown in SEQ ID NO: 25, the eel ghrelin has the amino acid sequence shown in SEQ ID NO: 
26. and the frog ghrelin has the amino acid sequence shown in SEQ ID NO: 27. and in all of the ghrelins, the side- 
chain hydroxyl group of 3rd serine has been acylated with n-octanoic acid (caprylic acid). 

[0256] Further, frog {Xenopus Laevis), fish (rainbow trout) and canine ghrelins were purified from stomach extracts 
in the same manner as in Example 2 and analyzed for their structure in the same manner as In Example 3. 
10 [0257] It was found that the frog ghrelin has the amino acid sequence shown in SEQ ID NO: 28, the rainbow trout 
ghrelin has the amino acid sequence shown in SEQ ID NO: 29 and 30, and the canine ghrelin has the amino acid 
sequence shown in SEQ ID NO: 31 , and in all of the ghrelins, the side-chain hydroxyl group of 3rd serine or threonine 
has been acylated with n-octanok: acid (caprylic acid). 

[0258] From the rainbow trout, ghrelin-23 consisting of 23 amino acid residues shown in SEQ ID NO: 29 and ghrelin- 
15 20 consisting of 20 amino acid residues shown in SEQ ID NO: 30 were obtained. 

Example 4. Ca-releasing activity of ghrelin. 

[0259] The natural ghrelin and n-octanoyl-modified synthetic ghrelin had a Ca-releasing activity, but the unmodified 
20 synthetic ghrelin did not show a significant Ca-releasing activity (Fig. 2b). Further, because n-octanoic acid or amixture 
of n-octanoic acid and the unmodified synthetic ghrelin did not show a significant Ca-releasing activity, it was found 
that the n-octanoic acid residue in the natural ghrelin constitutes an important structure for the Ca-releasing activity. 
Hereinafter, ghrelin refers to [O-n-octanoyl-serine 3]-ghrelin (Fig. 2c). 

[0260] In CHO-GHSR62 cells, the ghrelin exhibited a higher activity of increasing the intracellular calcium ion con- 
25 centration (Ca-releasing activity) than that by GHRP-6, while GHRH (GH releasing homione, expressed as GRF in 
Fig. 3a) did not exhibit the Ca-releasing activity (Fig. 3b). The Ca-releasing activity of ghrelin was recognized at a 
concentration of 10'" M or more, and its EC50 was 2.5 nM. The Ca-releasing activity of ghrelin was inhibited in the 
presence of 10*4 M specific antagonist ([D-Lys 3]-GHRP-6) for GHS-R [R. G. Smith, et al.. Science 260, 1640-1643 
(1993)], and the Ca-releasing activity was restored at a high concentration of ghrelin in the absence of the antagonist 
30 (Rg. 3b). The above result indicates that the Ca-releasing activity of ghrelin is inhibited antagonistically by the specific 
antagonist for GHS-R. 

Example 5. A cDNA for a ghrelin precursor and expression thereof in various organs 

35 [0261] The amino acid sequence of the ghrelin had no homology with the amino acid sequences of any known 
peptides, but as a result of homology examination in the GenBank data base, the same sequence was found in a rat 
EST (Expressed Sequence Tag) sequence (GenBank acceptation No. A15491 72). On the basis of this EST sequence, 
the following PCR primers were synthesized: 

40 

Sense primer : 5 ' - TTGAGCCCAGAGCACCAGAAA- 3 * 



Antlsense primer : 5 ' - AGTTGCAGAGGAGGCAGAAGCT- 3 ' 

45 

[0262] These 2 primers were used in RT-PCR where a rat stomach-derived cDNA was used as template. PCR 
conditions utilized 35 cycles each consisting of 98 *C for 10 seconds, 55 °C for 30 seconds and 72 **C for 1 minute. 
The amplified DNA fragment was used as a probe for screening a rat stomach cDNA library. By screening about 2x 1 QS 
recombinant phages, a full-length cDNA coding the rat-derived ghrelin was obtained. 
so [0263] The rat ghrelin cDNA was composed of 501 bases shown in SEQ ID NO: 6, coding a ghrelin precursor (prepro- 
ghrelin) consisting of 117 amino acids (Fig. 4a). The amino-tenminal 23 amino acid residues in the ghrelin precursor 
had properties as a signal peptide. The ghrelin starts from glycine 24, and the last 2 amino acids (Pro-Arg) in the mature 
ghrelin was a sequence undergoing cleavage with a protease. 

[0264] Using the rat ghrelin cDNA. a human stomach cDNA library was screened under low-stringency conditions 
55 to obtain a full-length human ghrelin cDNA. The human stomach cDNA library was prepared from human gastric poly 
(A)+RNA (Clontech Co., Ltd) by use of a cDNA synthesis kit (Pharmacia Co., Ltd). The full-length human ghrelin cDNA 
thus obtained was composed of 511 bases shown in SEQ ID NO: 7. coding a human ghrelin precursor (prepro-ghrelin) 
consisting of 117 amino acids (Fig. 4a). Homology at the amino acid sequence level between the rat- and human- 
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derived ghrelin precursors was 82.9 %, revealing that ghrelins are highly conserved between species. 
[0265] To known the distribution of ghrelin in tissues, poly(A)+RNA isolated from various rat tissues was analyzed 
(Rg, 4b). By Northern blotting analysis of the rat tissues, 0.62kb ghrelin precursor mRNA was recognized in stomach. 
Two faint bands were also recognized in ventricle, and these were 6.2kb and 1 .2 kb nnRNAs which were larger than 
the mRNA in stomach, thus suggesting different mRNA splicing from that in stomach. From the above result, it was 
found that a major expression site for ghrelin is stomach. 

Example 6. Effect of ghrelin on secretion of pituitary hormones 

[0266] Whether ghrelin has GH secretion-inducing activity or not was examined in vitro and in vivo. First, the effect 
of ghrelin on primary cultured cells of anterior pituitary was examined for assay in vitro. Anterior piturtaries were collected 
from 4-week-old male SD rats and dispersed by treatment with collagenase, and the cells were collected, washed 
twice with DIVIEM medium (Dulbecco's modified Eagle's medium) containing 10 % FCS (fetal bovine serum) and an 
antibiotic, and suspended in DMEM medium to prepare primary cultured cells of anterior pituitary. The 5x10* cells 
were inoculated onto a 96-well cell culture plate coated with poly-D-lysine, and cultured for 3 to 4 days. The culture 
medium was exchanged with DMEM medium containing 0.1 ml sample, and maintained at 37*^0 for 15 minutes. An 
alkjuot of the culture medium was collected and measured by radioimmunoassay for the concentrations of various 
pituitary homriones In the culture medium. Among the pituitary hormones, GH, FSH, LH, PRLandTSH were measured 
by using a kit produced by Biotrak/Amersham Co., Ltd, and ACTH was measured by using a high-sensitivity EIA kit 
produced by Peninsula Laboratories. 

[0267] When ghrelin was added to primary cultured cells of anterior pituitary, an increase in the intracellular calcium 
ion concentration was recognized, while unmodified synthetc ghrelin also showed an slightly increased Ca-releasing 
activity (Fig. 5a). This result indicates that both ghrelin and unmodified ghrelin act directly on pituitary cells. Then, the 
GH secretion-inducing activity of ghrelin was examined using the primary cultured cells of anterior pituitary, and by 
addition of 10"® M ghrelin, the concentration of GH in the culture was increased depending on concentration, but no 
increase in the concentrations of other pituitary homriones (FSH, LH, PRL, TSH) was observed (Fig. 5b). 
[0268] The GH secretion-indudng activity of ghrelin was examined in vivo. After 1 0 p,g of synthetk: ghrelin was injected 
intravenously into a male rat (250 g), the blood was collected periodically for up to 60 minutes to measure the concen- 
tration of the pituitary homnones in plasma by radioimmunoassay. Among the pituitary hormones, only GH was released 
into blood and reached the maximum level in 5 to 1 0 minutes after intravenous injection of ghrelin. From this result, it 
was found that ghrelin released from stomach to blood act on cells of anterior pituitary and release GH into blood, and 
it was confimned that the ghrelin is an unidentified specific endogenous GH-secretion-inducing substance. 

Example 7. Increase in cardiac output in rat 

[0269] The effect of acute administration of ghrelin into a rat under anesthesia on the cardiovascular system was 
examined. Wistar male rats (Carerie) each weighing 220 to 250 g were divided at random into 4 groups (as groups 
given 10, 1 , 0.5, and 0.2 ^g ghrelin respectively) in order to examine the effect of acute administration of ghrelin on 
the cardiovascular system, Ghrelin was diluted with physiological saline and then prepared a dose of 1 0, 1 , 0.5, or 0.2 
M-g/rat, and rapidly administered 120 |xl via an injection tube (PE50) which had been inserted into the right common 
jugular vein for measuring cardiac output. 

[0270] As a dynamic indicator, systemic blood pressure and cardiac output were measured, and peripheral vascular 
resistance was calculated. The rats were anesthetized with pentobarbital and fixed with dorsal position. For measure- 
ment of average blood pressure, a polyethylene canula (PE50) filled with heparin was inserted into the right femoral 
artery. The cardiac output was measured using a themnal dilution-type cardiac output meter (CARDIOTHER M500R). 
An Injection tube (PE50) filled with physiological saline was inserted into the right common Jugular vein in the rat and 
retained in the right ventricle. A micro-catheter was inserted into from the right common jugular vein in the rat and 
retained in the initiating part of the aorta. The infusion made use of 100 ^,1 physiological saline at room temperature 
(25 °G). By pushing a MEASURE switch of the themnal dilution-type cardiac output meter and simultaneously injecting 
the infusion (100 ul physiological saline), measurement of cardiac output was initiated. Cardiac output was measured 
5 times to determine average cardiac output. Average blood pressure and cardiac output were determined in 1 , 5, 15, 
and 30 minutes before and after administration of ghrelin. Peripheral vascular resistance was determined by dividing 
average blood pressure by cardiac output. 
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Table 1 



10 



15 





Body weight (g) 


Cardiac output (ml/min/kg) after administration of 1 ^g ghrelin 


0 min. 


1 min. 


5 min. 


15 min. 


30 min. 


Mean 


230 


347 


382 


367 


341 


338 


SEM 


3.7 


14.3 


10.2 


11.5 


7.9 


8.8 


the table 


, SEM is standard error means. 

Table 2 




Body weight (g) 


Cardiac output (ml/min/kg) after administration of 10 ^ig ghrelin 


0 min. 


1 min. 


5 min. 


15 min. 


30 min. 


Mean 


237 


350 


390 


392 


370 


344 


SEM 


1.0 


8.5 


7.4 


15.8 


14.7 


13.8 



20 



25 



30 



35 



40 



45 



SO 



55 



[02721 In the Table, SEM is standard error means. 

[0273] In the group given 1 jig ghrelin (Table 1 ) and the group given 1 0 ng ghrelin (Table 2), an increase in cardiac 
output was recognized in 1 to 5 minutes after administration. 

Example 8. Isolation of ghrelin and ghrelin-27 from various origins 

[0274] From rat stomach extract, ghrelin was purified using Ca-releasing activity as an Indicator in the method de- 
scribed In Example 2. The active fraction (elution time of 59 minutes in Fig. lb) in secondary CIVI-HPLC was punfied 
to homogeneity by reverse phase HPLC on tiBondasphere C-18 column (3.9x150 mm, produced by Waters Co.,Ltd). 
This fraction was analyzed by electrospray ionization mass spectrometry (ESI-MS), indicating a peak of the molecular 
weight (3187 2±0.9) which was smaller by about 126 than that of natural ghrelin modified with octanoic acid (C8) 
consisting of 28 amino acids. Detemilnatlon of the amino acid sequence of this peptide by a peptide sequencer (ABI 
494 manufactured by Applied Biosysytems Co. , LTd) revealed that it is a peptide composed of the following 27 ammo 
acid residues: Gly Ser Xaa Phe Leu Ser Pro Glu His Gin Lys Ala Gin Arg Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin 
Pro Arg (Xaa is an unidentified amino acid). That is, this peptide was composed of an amino acid sequence wherein 
in ghrelin consisting of 28 amino acids, 13th or 14th glutamine was deleted. Since the Ca-releasing activity of this 
peptide was similar to that of ghrelin of 28 amino acids as shown in Example 9, this peptide was designated as ghrelin- 
27 From human stomach extract, human ghrelin-27 was isolated in the same manner as for rat ghrelin, and confirmed 
to consist of the amino acid sequence set forth in SEQ ID NO: 11. Peak fractions with retention times of 64 to 65 
minutes in secondaiy CM-HPLC were purified and analyzed by electrospray ionization mass spectrometry (ESI-MS), 
indteating a peak of the molecular weight (3341 .4±0.9). Because this fatty acid-modified peptide was composed of 28 
amino adds, it was revealed to be a peptide wherein in ghrelin (28 amino acids), 3rd serine was modified with decanoic 

[0275?^°From the rat stomach cDNA library prepared in Example 5, a cDNA coding a precursor of ghrelin-27 was 
cloned by plaque hybridization where the PCR-amplified DNA fragment prepared in Example 5 was used as a probe. 
The nucleotide sequence of the cDNA was detemilned and confimned to code the precursor of ghrelin-27. The resulting 
cDNA for the rat ghrelin-27 precursor was composed of the nucleotide sequence set forth in SEQ ID NO: 14, coding 
the ghrelin-27 precursor having the amino acid sequence (116 amino acids) set forth In SEQ ID NO: 12. A cDNA for 
the human ghrelin-27 precursor was also cloned in the same manner as described above, and revealed to consist of 
the nucleotide sequence set forth in SEQ ID NO: 15, coding the human ghrelin-27 precursor having the amino acid 
sequence (116 amino acids) set forth in SEQ ID NO: 13. 

[02761 A cDNA coding a precursor of porcine-derived ghrelin or ghrelin-27 was cloned from a porcine cDNA library 
in the method described in Example 5 by plaque hybridization where the PCR-amplified DNA fragment descnbed in 
Example 5 was used as a probe. The nucleotide sequence of the resulting cDNA clone was detennined and confimned 
to code a porcine ghrelin precursor or a porcine ghrelin-27 precursor. The resulting cDNA for the porcine ghrelin pre- 
cursor was composed of the nucleotide sequence set forth in SEQ ID NO: 20, coding a ghrelin precursor having the 
amino acid sequence (118 amino acids) set forth in SEQ ID NO: 18. The cDNA for the porcine ghrelln-27 precursor 
was composed of the nucleotide sequence set forth in SEQ ID NO: 21, coding the ghrelin-27 precursor having the 
amino acid sequence (117 amino acids) set forth In SEQ ID NO: 19. Accordingly, the porcine ghrelin (28 amino acids) 
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and the porcine ghrelin-27 (27 amino acids) are composed of the amino acid sequences set forth in SEQ ID NOS: 1 6 
and 17, respectively. 

[0277] A cDNA coding a ghrelin precursor derived from eel, Xenopus Laevis or rainbow trout was cloned from various 
cDNA libraries in the method described in Example 5 by plaque hybridization where the PCR-amplifled DNA fragment 
described in Example 5 was used as a probe. The nucleotide sequence of the resulting cDNA clone was determined 
and confirmed to code the ghrelin precursor. 

[0278] The resulting cDNA for the eel ghrelin precursor was composed of the nucleotide set forth in SEQ ID NO: 36, 
the cDNA for the frog ghrelin precursor was composed of the nucleotide set forth in SEQ ID NO: 37, and the cDNA for 
the rainbow trout ghrelin precursor was composed of the nucleotide set forth in SEQ ID NO: 38 or 39. 
[0279] From rainbow trout, the cDNA coding the ghrelin-23 precursor set forth in SEQ ID NO: 38 and the cDNA 
coding the ghrelin-20 precursor set forth in SEQ ID NO: 39 were obtained. 

[0280] From the nucleotide sequences of the above cDNAs, it was found that the eel ghrelin precursor has the amino 
acid sequence set forth in SEQ ID NO: 32, the frog ghrelin precursor has the amino acid sequence set forth in SEQ 
ID NO: 33, and the rainbow trout ghrelin precursor has the amino acid sequence set forth in SEQ ID NO: 34 or 35. 
[0281] From rainbow trout, the amino acid sequence of ghrelin-23 precursor set forth in SEQ ID NO: 34 and the 
amino acid sequence of ghrelin-20 precursor in SEQ ID NO: 36 were found. 

[0282] A cDNA for a bovine ghrelin precursor was cloned by the PGR method. That is, PGR was carried out where 
synthetic DNA having nucleotide sequences designed on the basis of amino acid sequences conserved among the 
rat, human and porcine-derived ghrelins and ghrelins-27 were used as primer and a bovine stomach cDNA library as 
template. The DNA fragment thus amplified had the nucleotide sequence set forth in SEQ ID NO: 24, coding a part of 
bovine ghrelin-27 precursor set forth in SEQ ID NO: 23. Accordingly, the bovine ghrelin-27 has the amino acid sequence 
set forth in SEQ ID NO: 22. In the DNA fragment amplified by the above PGR using the bovine stomach cDNA library 
as template, there was no DNA coding a ghrelin (28 amino acids) precursor. 

[0283] The amino acids of the rat-, human- and porcine-derived ghrelins and the rat-, human-, porcine- and bovine- 
derived ghrelins-27 were very similar, and in particular, the amino acid sequences of 1st to 10th amino acids in the 7 
ghrelins described above were completely identical with one another. 

Example 9. Comparison of activity among various ghrelin derivatives 

[0284] Peptide fragments obtained by partially digested the rat- and human-derived ghrelins by various proteases, 
or chemically synthesized peptides, were examined for their Ca releasing activity in order to determine a core amino 
acid sequence and the optimum chain length of a modifying fatty add necessary for Ga-releasing activity. The Ga- 
releasing activity of ghrelin was expressed in tenns of ghrelin concentration (EG50, nM) at which 50 % of the maximum 
activity is achieved. Accordingly, lower EG50 values are indicative of higher activity. 

Table 3 



Gomparison of the activity among various ghrelin derivatives 



Origin 


SEQ ID NO. 


Amino acids 


Fatty acid 


Ga-releasing 


Remark 








modification 


activity 


(EG50. nM) 


human 


3 


1-28 


Acyl (G : 8) 


2.6 


natural ghrelin 


human 


3 


1-15 


Acyl (G : 8) 


7.0 




human 


3 


1-11 


Acyl (C : 8) 


15 




rat 


2 


1-28 


Acyl (G : 8) 


2.9 


natural ghrelin 


rat 


2 


1-15 


Acyl (G : 8) 


8.6 




rat 


2 


1-11 


Acyl (G : 8) 


15 




rat 


2 


1-10 


Acyl (G : 8) 


19 




rat 


2 


1-9 


Acyl (G : 8) 


38 




rat 


2 


1-8 


Acyl (G : 8) 


100 




rat 


2 


1-4 


Acyl (G : 8) 


480 




rat 


2 


16-28 


Acyl (C : 8) 


> 10000 




rat 


2 


(1-28)+ 


Acyl (G : 8) 


2.8 


ghrelln-27 






(14-28) 








rat 


2 


1-28 


Acyl (G : 16) 


3.1 




rat 


2 


1-28 


Acyl (0:10) 


2.6 
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Table 3 (continued) 



Comparison of the activity among various ghrelin derivatives 


Origin 


SEQ ID NO. 


Amino acids 


Fatty acid 


Ca-releasing 


Remark 


modification 


activity 


(EC50. nM) 


rat 


2 


1-28 


Acy! (C : 6) 


16 




rat 


2 


1-28 


Acyl (C : 4) 


280 




rat 


2 


1-28 


Acyl (C : 2) 


780 





10 

[0285] The Ca-releasing activity of ghrelin is present in the side of the amino-temriinal. A peptide of from the amino- 
tenninal to 4th amino acid has a sufficient Ca-releasing activity, and a peptide of from the amino-temainai to 1 0th amino 
acid shows a strong Ca-releasing activity near to that of natural ghrelin. When the chain length of modifying fatty acid 
is C : 2 (acetyl group), a sufficient activity is brought about, and when the chain length is C : 8 (octanoyi group), the 
maximum Ca-releasing activity is achieved, and even if the number of cartDon atoms of fatty acid is further increased 
to C : 10 (decanoyi group) or to C : 16, the strong Ca-releasing activity does not change. That is, when the fatty acid 
for modifying 3rd serine from the amino-tenninal contains 8 or more cariDon atoms, the strongest Ca-releasing activity 
is brought about. 

Example 10. Synthesis of various ghrelin derivatives 
(1 ) Synthesis of peptide derivatives 

[0286] Amino acid derivatives other than Fmoc-DSer (CgHiy) and Fmoc-Ser ip^H^y), and synthesis reagents, were 

25 purchased from Pericin Elmer, Novabiochem or Watanabe Kagaku Co., Ltd. Peptide chain extension was perfomied 
by mainly using Applied Biosystem 433A synthesizer produced by Peri<in Elmer, and a protected peptide derivative- 
resin was constmcted by the Boc or Fmoc method. The protected peptide resin obtained by the Boo method was 
deprotected with anhydrous hydrogen fluoride (HP) in the presence of p-cresol thereby releasing the peptide, which 
was then purified. The protected peptide resin obtained by the Fmoc method was deprotected with trifluoroacetic acid 

^0 (TFA) or dilute TFA containing various scavengers, and the released peptide was purified. Purification was perfomned 
in reversed phase HPLC on a C4 or CI 8 column. The purity of the purified product was confimned by reverse phase 
HPLC. and its structure was confimned by amino acid composition analysis and mass spectrometry. 
[0287] The peptide of the present invention is produced by a conventional peptide synthesis method. For example, 
it can be produced by a method described, in chapter2 and 3 of "Biochemical Experimental Course 1 . Protein Chemistry 

^5 IV" (Tokyo Kagaku Dojin) or in "Development of Medicines, a second series, Vol. 14. Peptide Synthesis (Hirokawa 
Shoten Co.,Ltd). Accordingly, typical examples of the peptide of the present invention are shown below. Specifically, 
synthesis of acylated or alkylated peptides is exemplified below. Further, human-derived ghrelin (which may be abbre- 
viated hereinafter to hGhrelin) or rat-derived ghrelin (which may be abbreviated hereinafter to rGhreiin) was reacted 
with trypsin or chymotrypsin or both the enzymes successively to give the following ghrelin fragments: 19. Ghrelin 

^0 (16-28), 20. hGhrelin (1-15), 21. rGhreiin (1-15), 23. hGhrelin (1-11), 24. rGhreiin (1-11), 25. Ghrelin (1-10), 26. Ghrelin 
(1-9), 27. Ghrelin (1-8), and 30. Ghrelin (1-4). Then, these fragments were isolated by analytical HPLC and measured 
for their activity. 41. [A/-Acetyl]-Ghrelin (1-10) was prepared in a usual manner by treating Ghrelin (1-10) with N-ace- 
tylsuccinimide. Compound No. 2 (rat ghrelin) made use of a natural material, and 10. [Ser^(Butyryl)]-rGhrelin, 11 . [Ser^ 
(Hexanoyl)]-rGhrelin, 12. [Ser3(Decanoyl)]-rGhrelin, 13. [Ser3(Lauroy I)] -rGhreiin. and 14. [Ser^(Palmitoyl)]-rGhrelin 

45 vvere synthesized in the same manner as in synthesis of Compound 1 (hGhrelin) and then measured for their activity. 

[Main Abbreviations] 

[0288] HMP resin; 4-hydroxymethyl-phenoxymethyl resin 
5^ Fmoc amide resin; 4-(2\ 4'-dimethoxyphenyl-Fmoc-aminomethyl) phenoxyacetamido-ethyl resin 
PAM resin; phenylacetoamidomethyl resin 

HBTU; 2-(IH-benzotriazole-1 -yl)-1 . 1 ,3,3-tetramethyluronium hexafluorophosphate 
TBTU; 2-(1 H-benzotriazole-1 -yl)-1 ,1 ,3,3-tetramethyluronium tetrafluoroborate 
HOBt; 1-hydroxybenzotriazole 
DCC; dicyclohexylcartDodiimide 
DIPCI; diisopropylcartDodiimide 
TFA; trifluoroacetic acid 
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DIPEA; diisopropylethylamine 
TIPS; triisopropylsilane 
Fmoc; fluorenylmethoxycarbonyl 
Boc; ^butyloxyca^bonyl 
5 Tit; trityl 
But; t-butyl 

Pmc; 2,2,5,7,8-pentamethylchroman-6-su!fonyl 

Prl; propionyl 

PhPrl; phenylpropionyl 
10 Bz\; benzyl 

Bom; benzyloxymethyl 

Tos; toluenesulfonyl 

Cl-Z; 2-chloro-benzyloxycarbonyl 

Pis; 2-phenylisopropyl 
15 Mtt; 4-methyltrityl 

DMF; A/,/V-dimethylfomiamicle 

NMP; A/-methylpyrrolidone 

DMAP; 4-dimethylaminopyridine 

HOSu; /V-hydroxysuccinilmide 

Adod; 2-ammododecanoic acid 

Aib; 2-amtnolsobutylic acid 

Ape; 5-aminopentanoic acid 

Cha; cyclohexylalanine 

Dap; 2, 3-diami nop nop ionic acid 
25 Nal; naphtylalanine 

NIe; norfeucine 

[Protecting amino acids used in synthesis] 
Fmoc method: 

30 Boc-Gly. Fmoc-Giy Fmoc-Ser (Bu*), Fmoc-Ser (Trt), Fmoc-Glu (OBu*), Fmoc-His (Boc), Fmoc-GIn (Trt), Fmoc- 

Arg (Pmc), Fmoc-Lys (Boc), Fmoc-Pro, Fmoc-Leu, Fmoc-Ala, Fmoc-Val, Fmoc-Phe. Fmoc-^Phe, Fmoc-Ser 
(n-CsHiy), Fmoc-Dser (n-CgHiT). Fmoc-Cys (/T-CeHiy). Fmoc-Asp (OPis). Fmoc-Ser (Bzl). Fmoc-Cys (Trt), Fmoc- 
Dap (OctanoyI), Fmoc-2-LNal, Fmoc-2-DNal, Fmoc-Nle, Fmoc-Lys (Mtt), Fmoc-Aib-OH. Fmoc-Asp (O-C7H15) 

55 Boc method: 

Boc-Gly. Boc-Ser (Bzl), Boc-Ser (Ac), Boc-Ser (Prl), Boc-Glu (OBzl), Boc-His (Bom), Boc-GIn, Boc-Arg (Tos), Boc- 
Lys(CI-Z). Boc-Pro, Boc-Leu, Boc-Ala. Boc-Val, Boc-Phe. Boc-Cys (n-CsHiy). Boc-Ape Boc-Ser (n-CgH^y)' 

40 [Units used] 

(a) Analytical HPLC system 

[0289] Unit: Shimadzu LC-10A System 
45 Column: YMC PROTEIN-RP (4.6 mm(t»xi50 mm) 
Column temperature: 40 **C 

Eluent: A linear gradient of from 0 to 50 % acetonitrile for 20 minutes in 0.1% trifluoroacetic acid 
Flow rate: 1 mL/min. 
Detection: UV (210nm) 
50 Injection volume: 1 0 to 1 00 ixl 

(b) Preparative HPLC system 

[0290] Unit: Waters 600 Multisolvent Delivery System 
55 Columns: 

YMC-Pack-ODS-A (5 pm, 20 mmx250 mm) 
YMC-Pack-PROTEIN-RP (5 nm, C4. 10 mmx250 mm) 
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YMC-Pack PROTEIN-RP (5 urn, C4, 20 mmx250 mm) 
YMC PROTEIN-RP (4.6 mm4)Xl50 mm) 

Eluent: A suitable linear gradient of acetonitrile concentration in 0,1 % trifluoroacetic acid 
5 Flow rate: 1 0 mUmin. (for the column of an inner diameter of 20 mm). 3 mUmin. (for the column of an inner diameter 
of 1 0 mm), 1 mL/min. (for the column of an-inner diameter of 4.6 mm) Detection: 21 0 nm, 260 nm 
Injection: 1 0 to 2000 pJ (2000 \l\ or more was injected via a pump) 

(c) Mass spectrometer 

10 

[0291 ] Unit: Finigan MAT TSQ700 
Ion souni^e: ESI 
Detection ion mode: Positive 
Spray voltage: 4.6 kV 
15 Capillary temperature: 250 **C 

Mobile phase: A mixture of 0,2% acetic acid and methanol (1:1) 

Flow rate: 0.2 mtymin. 

Scan range: m/z 300 to 1 ,500 

20 (d) Analysis of amino acid sequence 

[0292] Unit: Applied Biosystem 477A, 492 model sequencer manufactured by Perkin Elmer 

(e) Analysis of amino acid composition 

25 

[0293] Unit: L-8500 model amino acid analyzer manufactured by Hitachi,Co., Ltd. 

[0294] Sample: Unless otherwise specified, the sample was hydrolyzed with 6 M HCI at 110 **C for 24 hours in a 
sealed tube. 

30 (2) Example of synthesis of a derivative having acyl serine or acyl threonine (Fmoc method, carboxyl-tenninal amide 
derivatives) 

Compound 1 hGhrelin: GSS(CO-C7Hi5)FLSPEHQRVQQRKESKKPPAKLQPR 

35 [0295] Fmoc-Arg(Pmc)-HMP-resin (403 mg, 0.25 mmol. ABI Co. , Ltd) was treated with 20% piperazine for 20 minutes 
and subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine 
sequentially to construct Fmoc-Ser(But)-Ser(Trt)-Phe-Leu-Ser(tBu)-Pro-Glu(OBut)-His(B oc)-Gln(Trt)-Arg{Pmc)-Val- 
Gln(Trt)-Gln(Trt)-Arg(Pmc)-Lys(Bo c)-Glu(OBut)-Ser(But)-Lys(Boc)-Lys(Boc)-Pro-Pro-Ala-Lys(Boc )-Leu-Gln(Trt) 
-Pro-Arg(Pmc)-resin. After Boc-Gly was finally introduced by DCC/HOBt. the resulting protected peptide resin (1.3 g) 

40 was treated with 1 %TFA-5 %TIPS-methylene chloride solution (1 5 mL) for 30 minutes. The peptide resin was filtrated, 
washed several times with methylene chloride (30 mL), and washed with 5 % DIEA (10 mL) and then with methylene 
chloride (30 mL). The resulting de-Trt peptide resin (about 1.3 g) was swollen with NMP (10 mL), and octanoic acid 
(144.2 mg, 1 ,0 mmol) and DIPCI (126.2 mg, 1 .0 mmol) were added thereto in the presence of DMAP (61 .1 mg, 0.5 
mmol) and allowed to react for 8 hours. The resin was recovered by filtration and washed with NMP and then with 

45 methylene chloride, followed by drying under vacuum to give about 1 .2 g protected peptide resin wherein the side 
chain of 3rd serine was octanoylated. To this product was added a de-protecting reagent (10 mL) consisting of 88 % 
TFA-5 % phenol-2% TIPS-5 % HgO, and the mixture was stin-ed at room temperature for 2 hours. The resin was 
removed by filtration, and the filtrate was concentrated followed by adding ether to the resulting residues to fomn pre- 
cipitates. The precipitates were recovered by filtration and dried to give about 550 mg crude peptide. 200 mg of this 

50 product was dissolved in 1 0 mL water and applied to YMC-Pack PROTEIN-RP (C4, 20 mmx250 mm) and eluted with 
a linear gradient (flow rate: 10 mL/min.) for 60 minutes of from 0 to 54 % acetonitrile in 0.1% trifluoroacetic acid. The 
desired fractions were collected and lyophilized to give about 120 mg of the desired product. 
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(3) Example of synthesis of a derivative having acyl serine or acyl threonine (Fmoc method, carboxyl-terminal amide 
compoundsi) 

Compound 3 Ghrelin (1-9)-NH2; GSSCCO-CyH^sjFLSPEH-NHg 

[0296] Fmoc-amide-resin (403 mg, 0.25 mmol, ABI Co.,Ltd) was treated with 20% piperazine for 20 minutes and 
subjected repeatedfy to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine se- 
quentially to construct Fmoc-Ser(But)-Ser(Trt)-Phe-Leu-Ser(But)-Pro-Glu{OBut)-His(Bo c)-resin. After Boc-Gly was fi- 
nally mtroduced by DCC/HOBt, the resulting protected peptide resin (about 550 mg) was treated with 1 % TFA-6 % 
TIPS-methylene chloride solution (1 0 mL) for 30 minutes. The peptide resin was recovered by filtration, washed several 
times with methylene chloride (30 mL). and washed with 5 % DIEA (10 mL) and then with methylene chloride (30 mL) 
The resulting de-Trt peptide resin (about 750 mg) was swollen with NMP (10 mL), and octanoic acid (144 2 mg 1 0 
mmol) and DIPCI (126.2 mg, 1 mmol) were added thereto in the presence of DMAP (61 .1 mg, 0.5 mmol) and allowed 
to react for 4 hours. The resin was recovered by filtration and washed with NMP and then with methylene chloride 
followed by dr/ing under vacuum to give about 800 mg protected peptide resin wherein the side chain of 3rd serine 
was octanoylated. TFA (10 mL) was added to this product and stin-ed at room temperature for 30 minutes The resin 
was removed by filtration, and the filtrate was concentrated followed by adding ether to the resulting residues to form 
precipitates. The precipitates were recovered by filtration and dried to give about 250 mg crude peptide. About 200 
mg of this product was dissolved in 10 mL of 30 % aqueous acetic acid and applied to YMC-Pack PROTEIN-RP (C4 
20 mm X250 mm) and eluted with a linear gradient (flow rate: 1 0 miymin.) for 60 minutes of from 0 to 54 % acetonitrile 
in 0.1% trifluoroacetic acid. The desired fractions were collected and lyophilized to give about 150 mg of the desired 
product. 

(4) Example of synthesis of a derivative having acyl serine or acyl threonine (Boc method) 

Compound 9 [Ser3(Propionyl)]-rGhrelin (1-28); GSS(CO-CH2CH3)FLSPEHQKAQQRKESKKPPAKLQPR 

[0297] Protected rat ghrelin resin (4-28) was constructed from Boc-Arg (Tos)-Pam resin (0.75 g 0 5 mmol) by Boc 
chemistry, and Boc-Ser (CO-CH2CH3)-OH. Boc-Ser (Bzl)-OH and Boc-Gly-OH were condensed with a half (1 4 g) of 
the resm. The resulting resin, 1 .5 g. was treated with a mixture of HF and p-cresol (8.5 mL : 1 .5 mL) at 0 for 1 hour 
and the HF was evaporated. Ether was added to the residues, whereby 671 mg crude peptide was obtained This 
sample was dissolved in 50% acetic acid (AcOH) and applied to a preparative column YMC-Pack-ODS-A (5 ^m 20 
mmx250 mm) and eluted at a rate of 10 mL/min. by a gradient of from 0 to 95 % acetonitrile concentration in o'l% 
TFA solution for 75 minutes. Those fractions containing the desired product were lyophilized to give 135 8 mg crude 
peptide. A part (0.5 mg) of this product was applied to YMC-A.302 column (CI 8, 4.6 mmx150 mm) and eluted at a 
flow rate of 1 mL/min. by a gradient of from 15 to 19% concentration acetonitrile. This purification procedure was 
repeated and the desired fractions were combined to give 0.41 mg of the desired product. 

[0298] The following peptide derivatives having acyl serine or acyl threonine were produced in the same manner as 
in production of Compound 3 or 9 described above. 

[0299] The results of the mass spectrometry and amino acid composition analysis of the peptide derivatives havinq 
acyl serine or acyl threonine are summarized below. 



Compound 1. hGhrelin 

ESI-MS 3371.0 (theoretical: 3370.9), amino acid composition: Ser; 3.53 (4), Glx; 5.91 (6). Gly; 1 02 (1) Ala- 1 00 

(1) , Val; 0.96 (1), Leu; 2, Phe; 1.06 (1), Lys; 3.90 (4), His; 0.97 (1), Arg; 2.87 (3), Pro; 3.87 (4) 
Compound 3. Ghrelin (1-9)-amide 

ESI-MS [M+H]; 1085.7 (theoretical: 1085.2), amino acid composition: Ser; 2.45 (3). Glx* 0 98 GIv* 0 99 
Leu; 1, Phe; 0.99 (1). His; 1.08 (1), Pro; 0.97 (1) \ h • \ ). 

Compound 4. [Ser^(Octanoyl), Ser^]-Ghrelin (1-9)-amide 
50 ESI-MS [M+H]; 1085.8 (theoretical: 1085.2). amino acid composition: Ser; 2.46 (3), Glx- 0 98 GIv 0 99 ri^ 

Leu; 1, Phe; 1.01 (1), His; 1.09(1), Pro; 0.97(1) . • k /. . u;, 

Compound 5. [Ser2(Octanoyl)]-Ghrelin (1-9)-amide 

ESI-MS [M-4-H]; 1211.7 (theoretical: 1211.4), amino acid composition: Ser; 2.48 (3). Glx* 1 00 GIv- 1 01 M^ 
Leu;i, Phe; 1.00(1 ). His; 1.11 (1), Pro; 0.98(1) V ^ ^'Y. i -UMi}. 

55 Compound 8. [Ser3(Acetyl)]-rGhrelin 

ESI-MS 3231 .0 (theoretical: 3230.7). amino acid composition: Ser; 3.50 (4). Glx; 5 90 (6) Gly 0 98 (1) Ala* 2 00 

(2) ,Leu;2. Phe; 1.01(1), Lys; 4.97 (5), His; 0.99(1), Arg; 1.99 (2), Pro; 3.99 (4) ' » * • • • 
Compound 9. [Ser^(Propionyl)]-rGhrelin 
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ESI-MS 3246.0 (theoretical: 3242.8), amino acid composition: Sen 3.42 (4), Glx; 5.93 (6), Gly; 1.00 (1). Ala; 2.00 
(2), Leu: 2, Phe; 1 .10 (1), Lys; 4.97 (5). His; 0.99 (1), Arg; 1.99 (2), Pro; 3.83 (4) 
Compound 15. [Ser3(3-Phenylpropionyl)]-hGhrelin 

ESI-MS 3377.0 (theoretical: 3376.9). amino acid composition: Sen 3.06 (4), Glx; 5,92 (6). Gly; 0.93 (1). Ala; 0.98 
5 (1), Val; 0.99 (1). Leu; 2, Phe; 1.13 (1), Lys; 4.03 (4), His; 1.08 (1), Arg; 3.00 (3), Pro; 3.76 (4) 

Compound 16. [Ser5(3-Octenoyl)]-hGhrelin 

ESI-MS 3369.0 (theoretical: 3368.9). amino acid composition: Sen 3.59 (4), Glx; 5.91 (6), Gly; 1.00 (1 ). Ala; 1 .02 
(1), Val; 0.99 (1), Leu; 2. Phe; 1.15 (1). Lys; 3.97 (4). His; 0.98 (1), Arg; 2.93 (3), Pro; 3.88 (4) 
Compound 28. Ghrelin (1-8)-amide 
10 ESI-MS [M+H] 948.5 (theoretical: 948.1). amino acid composition: Ser; 2,45 (3), Glx; 0.97 (1), Gly; 0.99 (1), Leu; 

1, Phe; 1.00 (1), Pro; 0.97(1) 
Compound 29. Ghrelin (1-7)-amide 

ESI-MS [M+H] 819.6 (theoretical: 819.0), amino acid composition: Ser; 2.52 (3), Gly; 1.01 (1), Leu; 1, Phe; 1.02 

(1), Pro; 1.09 (1) 
15 Compound 30. Ghrelin (1-6)-amide 

ESI-MS [M+H]; 722.4 (theoretical: 721 .8), amino acid composition: Sen 2.47 (3), Gly; 0.99 (1 ), Leu; 1, Phe; 1 .00 (1 ) 
. Compound 31 . Ghrelin (1-5) 

ESI-MS [M+H] 636.5 (theoretical: 635.8), amino acid composition: Sen 1 -78 (2), Gly; 0.99 (1 ), Leu; 1^, Phe; 1 .02 (1 ) 

Compound 32. Ghrelin (1-5)-amide 
20 ESI-MS [M+H] 635.4 (theoretical: 634.8), amino acid composition: Sen 1 -67 (2). Gly; 1 ,01 (1 ), Leu; 1^, Phe; 1 .01 (1 ) 

Compound 33-2. Ghrelin (1-4)-amide 

ESI-MS [M+H] 522.2 (theoretical: 521.6), amino acid composition: Ser; 1 .65 (2), Gly; 0.99 (1), Phe; 1_ 
Compound 34. Ghrelin (1-3)-amide 

ESI-MS [M+H] 375.2 (theoretical: 374.4), amino acid composition: Ser; 1 ,66 (2), Gly; 1^ 
25 Compound 35. [Lys^-Ghrelin (1-8)-amide 

ESI-MS [M+H] 947.9 (theoretical: 947.1), amino acid composition: Ser; 2.70 (3), Gly; 1 .00 (1), Leu; 1[, Phe; 1 .00 
(1), Lys; 0.99(1), Pro; 1.00 (1) 
Compound 36. [Arg8]-Ghrelin (1-8)-amide 

ESI-MS [M+H] 975.8 (theoretical: 975.2), amino acid composition: Ser; 2.70 (3), Gly; 1.00 (1), Leu; Phe; 1.01 
30 (1). Arg; 0.99(1), Pro; 1,00 (1) 

Compound 37. [Lys®]-Ghrelin (1-6)-amide 

ESI-MS [M+H] 763.6 (theoretical: 762.9). amino acid composition: Ser; 1 .80 (2), Gly; 1 .00 (1). Leu; V, Phe; 1 .01 
(1),Lys; 1.00(1) 

Compound 38. [Lys5]-Ghrelin (1-5)-amide 
35 ESI-MS [M+H] 650.5 (theoretical: 649.8), amino acid composition: Sen 1 79 (2), Gly; 0.99 (1). Phe; ^. Lys; 0.99 (1) 

Compound 39. pPhe^, Lys5]-Ghrelin (1-5)-amide 

ESI-MS [M+H] 650.5 (theoretical: 649.8), amino acid composition: Ser; 1 .79 (2), Gly; 0.99 (1 ), Phe; 1, Lys; 0.99 (1 ) 
Compound 40. [A/-Aminopentanoyl] -Ghrelin (3-7)-amide 

ESI-MS [M+H] 774.7 (theoretical: 774.0), amino acid composition: Sen 1 80 (2), Leu; 1, Phe; 1 .01 (1), Pro; 1 .00 (1) 
40 Compound 43. [A/-Glycyl]-Ghrelin (3-7)-amide 

ESI-MS [M+H]; 732.7 (theoretical: 731 .9), amino acid composition: Ser; 1 .80 (2), Gly; 1 00 (1), Leu; 2, Phe; 1 .01 
(1), Pro; 1.00 (1) 

-Compound 44. [Leu2]-Ghrelin (1-7)-amide 

ESI-MS [M+H]; 845.7 (theoretical: 845.1), amino acid composition: Sen 180 (2), Gty; 1.01 (1), Leu; 2, Phe; 1.02 
45 (1), Pro; 0.99 (1) 

Compound 45. [His2]-Ghrelln (1-7)-amlde 

ESI-MS [M+H]; 869.7 (theoretical: 869.0), amino acid composition after hydrolysis with propionic acid-hydrochloric 
acid (50/50) at 160 <»C for 2 hours: Sen 102 (2), Gly; 1 .00 (1). Leu; 1, Phe; 1.00 (1). His; 0.95 (1), Pro; 0.99(1) 
Compound 46. [Lys2]-Ghrelin (1-7)-amide 
so ESI-MS [M+H]; 860.7 (theoretical: 860.1), amino acid composition after hydrolysis with propionic acid-hydrochloric 

acid (50/50) at 150 °C for 2 hours: Sen 104 (2), Gly; 1.00 (1), Leu;l, Phe; 1.00 (1). Lys; 1.00 (1), Pro; 1.00 (1) 
Compound 47. [Gly2]-Ghrelin (1-7)-amide 

ESI-MS [M+H]; 789.5 (theoretical: 788,9), amino acid composition after hydrolysis with propionic acid- hydrochloric 
acid (50/50) at 150 *>C for 2 hours: Sen 1 14 (2), Gly; 2.01 (2), Leu; 1, Phe; 1 .00 (1 ), Pro; 1 .00 (1) 
55 Compound 59. [Thr3(Octanoyl)]-hGhrelin 

ESI-MS M; 3384.0 (theoretical: 3384.9). amino acid composition: Ala; 1.02 (1) Arg; 2.99 (3), Glx; 5.91 (6), Gly; 
1 .02 (1). His; 1 -00 (1 ), Leu; 2 (2). Lys; 4.05 (4), Phe; 1 .00 (1 ). Pro; 4.06 (4). Sen 2.66 (3), Thn 0.94 (1), Val; 0.96 (1 ) 
Compound 60. [Leu^, Thr3(Octanoyl)]-hGhrelin 
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ESI-MS M; 3410.0 (theoretical: 3411.0), amino acid composition: Ala; 1.01 (1), Arg; 2,95 (3), Glx; 5.92 (6). Gly; 
1 .01 (1), His; 1 .01 (1). Leu; 3 (3), Lys; 4.02 (4), Phe; 1 .01 (1), Pro; 4.00 (4), Sen 1 .81 (2), Thr; 0.96 (1), Val; 0.97 (1) 
Compound 69. [Ser^{4-Methylpentanoyl)]-hGhrelin 

ESI-MS M; 3343.0 (theoretical: 3342.9). amino acid composition: Ala; 1 .00 (1). Arg ; 2.97 (3),Glx; 5.86 (6), Gly; 
5 1.02 (1). His; 1 .01 (1), Leu; 2, Lys; 4.00 (4), Phe; 1.01 (1), Pro; 3,99 (4), Ser; 3.54 (4),Val; 0,98 (1) 

Compound 75. [Lys7]-Ghrelin (1-7)-amide 

ESI-MS [M-i-H]; 850.5 (theoretical: 850.0), amino acid composition: Ser; 2.67 (3), Gly; 1 ,00 (1), Leu; 1^, Phe; 1 .00 
(1),Lys; 1.00(1) 

10 (5) Example of synthesis of an amino-terminal acylated derivative 

Compound 6. [W-OctanoyL Ser^]-Ghrelin (1-9)-amide; C7H15CO-GSSFLSPEH-NH2 

[0300] Fmoc-amide resin (403 mg, 0.25 mmol, ABI Co.,Ltd) was treated with 20% piperazine for 20 minutes and 
15 subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine se- 
quentially to construct Fmoc-Gly-Ser(Bu*)-Ser(Bu')-Phe-Leu-Ser(tBu)-Pro-Glu(OBu^)-His(Boc)-resin. After treatment 
with piperazine, the resulting peptide resin (550 mg) was washed with NMP, and DIPCI (1 26.2 mg, 1 mmol) and octanoic 
acid (144.2 mg, 1 .0 mmol) were added thereto in the presence of HOBt (135.1 mg, 1 mmdl) and allowed to react for 
4 hours. The resin was recovered by filtration, washed with NMP and then with methylene chloride, and dried under 
20 vacuum to give about 600 mg protected peptide resin wherein the amino group in amino-terminal Gly was octanoylated. 
This product was deprotected with TFA (10 ml) (treatment for 30 minutes), to give 200 mg crude peptide. The whole 
of the sample was applied to YMC-Pack PROTEIN-RP (5 fim, C4, 20 mmx250 mm) and eluted with a linear gradient 
(flowrate: 10 mL^min) for 60 minutes of from 0 to 54 % acetonitriie in 0.1% trifluoroacetic acid. About 180 mg of the 
desired product was obtained. Measured values: ESI-MS [M+H]; 1 086.6 (theoretical: 1 085.2), amino acid composition: 
25 Ser; 2.47 (3), Glx; 0.98 (1), Gly; 1.00 (1), Leu;l, Phe; 1.02 (1), His; 1.09 (1), Pro; 0.96 (1) 

(6) Example of synthesis of a derivative containing serine having an alkyl side-chain 

Compound 50. [Ser3(OctyO]-Ghrelin (1-7)-amide: GSS(C8Hi7)FLSP-NH2 

30 

Fmoc-Ser (CgH^?) 

[0301] Under cooling on ice, sodium hydride {3.19g, 133 mmol) was added to a solution of Boc-Ser (12.3 g, 53.9 
mmol) in DMF (300 ml) and stirred at room temperature for 1 .5 hours. Octane iodide (11 .0 ml, 60.9 mmol) was added 

35 thereto and stirred at room temperature for 1 6 hours. After water (40 ml) was added dropwise to the reaction solution 
undercooling on ice, the solvent was evaporated under vacuum. The resulting residues were purified by applying them 
to silica gel column chromatography (gel; Art9385, Merck Co.,Ltd, eluent; dichloromethane : methanol : acetic acid = 
1 20 : 1 0 : 1 ), to give 6.88 g Boc-Ser (CqH-^j) (yield, 36.2%) as pale yellow oily matter. Trifluoroacetic acid (1 20 ml) was 
added to this product, Boc-Ser (CaH^y) (6.88 g, 21.7 mmol), under cooling on ice and stirred for 0.5 hour at room 

40 temperature. After the trifluoroacetic acid was evaporated, the resulting residues were dissolved in diethyl ether (120 
ml), and 4N HCI-dioxane (22 ml) was added thereto and stirred for 1 hour under cooling on ice. The precipitated crystals 
were recovered by filtration to give 5.23 g H-Ser (C8Hi7)-HCI (yield, 96.3 %) as coloriess crystals. After triethylamine 
(1 .40 ml, 1 0 mmol) was added to a suspension (50 ml) of this product H-Ser (C8Hi7)-HCI (2.54 g, 1 0.0 mmol) in 1 0 % 
sodium hydrogen carbonate, a solution of Fmoc-Osu (5.00 g, 14.8 mmol) in 1 ,2-dimethoxyethane (20 ml) was added 

45 dropwise thereto over the period of 10 minutes and stin-ed at room temperature for 16 hours. The insolubles were 
filtered off, then dichloromethane was added to the filtrate, and the organic phase was separated and washed with 13 
% NaCI solution. The organic phase was dried over anhydrous sodium sulfate, and the solvent was evaporated. The 
resulting residues were purified by applying them to silica gel column chromatography (gel; BW-300, Fuji Silfcia Co., 
Ltd, eluent; dichloromethane : methanol = 93 : 7), to give 2.76 g Fmoc-Ser {CqH^j) (yield: 62.6 %) as coloriess crystals. 

so Rf = 0.45 (CHCI3 : MeOH = 9:1. Silica gel 6OF254, MERCK Co., Ltd). Fmoc-'^Ser(C8H-,7) : Rf = 0.45 (CHCI3 : MeOH 
= 9:1, Silica gel 6OF254, MERCK Co., Ltd). 

[0302] Fmoc-amide resin (400 mg, 0.25 mmol, ABI Co.,Ltd) was treated with 20% piperazine for 20 minutes and 
subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine se- 
quentially to construct Fmoc-Ser(Bu*)-Ser(CQHi7)-Phe-Leu-Ser(BuO-Pro-resin. After Boc-Gly was finally introduced by 
55 DCC/HOBt, a part (250 mg) of the resulting protected peptide resin was treated with TFA (10 mL) for 30 minutes. The 
resin was removed by filtration, and the filtrate was concentrated followed by adding ether to the resulting residues to 
give about 120 mg crude peptide as precipitates. This product was dissolved in 5 % AcOH (10 mL) and applied to 
YMC-Pack-ODS-A (5 ^un, 20 mmx250 mm) and eluted with a linear gradient (flow rate: 1 0 mL/min.) for 60 minutes of 
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from 0 to 60 % acetonitrile in 0,1% trifluoroacetic add. The desired fractions were collected and lyophilized to give 
about 40 nng of the desired product. 

Compound 84. [N-Aminopentanoyl. Ser3(0ctyl)]-Ghrelin (3-5)-benzyl 
amide; 

5 H-Ape-Ser{CeHi7)-Phe-Leu-NH-CH2-Ph 

[0303] Oxime resin (230 mg/0.25 mmol. Novabiochem Co., Ltd) was placed in a reaction vessel equipped with a 
glass filter, and Boc-Leu-OH - HgO (190 mg, 0.75 mmol) previously dissolved in methylene chloride (DCM) and dried 
over MgS04, DCC (1 60 mg, 0.75 mmol), and 5 ml DCM were added thereto and shaken overnight. The reaction product 
was washed several times with a suitable amount of DCM, DCM/EtOH (1:1) and DCM in this order. After introduction 

10 of Leu, <1 > 1 0 ml of 25% TFA/DCM was added thereto and shaken for 30 minutes, and the resin was washed several 
times with DCM, isopropyl alcohol (iPrOH), DCM and DMF in this order, and <2> a solution prepared by dissolving 
0.75 mmol (3 equivalents) of Boc-amino acid, 0.75 mmol (3 equivalents) of TBTU and 0.75 mmol (3 equivalents) of 
HOBt and then adding 1 .26 mmol (5 equivalents) of DIPEA thereto in 5 mL DMF in an Efienmeyer flask was introduced 
into the reaction vessel and shaken for 1 hour; this operation was repeatedly carried out to condense amino acids 

15 sequentially. Finally, Boc-NH-(CH2)4-CO-Ser(C8Hi7)-Phe-Leu-Oxime resin, 370 mg, was obtained. The resin was sus- 
pended In about 5 mL DMF, and benzylamine hydrochloride (180 mg, 1 .25 mmol), triethylamine (173 ^.L, 1 .25 mmol) 
and acetic acid (72 jiL, 1 .25 mmol) were added thereto, and the mixture was stirred. After 24 hours, the resin was 
filtered off, and the filtrate was evaporated, and the resulting Bocisrotected peptide was precipitated In 10 mL of IN 
HCI. This product was washed with water and dried, and 5 mL TFA was added lhereto:and reacted for 30 minutes 

20 thereby eliminate the Boc. The TFA was evaporated, and the product was precipitated with ether (Et20), whereby the 
desired product [A/^Aminopentanoyl, Ser3^0ctyl)]-Ghrelin (3-5)-benzylamide, 110 mg, was obtained. Compounds 82, 
83 and 85 were synthesized in the same manner. 

[0304] The following peptide derivatives having alkyi serine, except for Compounds 82 to 85, were produced in the 
same manner as in production of Compound 60 described above. 
25 [0305] The results of the mass spectrometry and amino acid composition analysis of the peptide derivatives having 
alkyI serine are summarized below. 

Compound 1 7. [Sei^(Octyl) ]-hGhrelin 

ESI-MS; 3357.0 (theoretical: 3356.9), amino acid composition: Ser; 2.92 (3+1), Glx; 5.94 (6), Gly; 1 .00 (1), Ala; 
30 0.98 (1). Val; 0.99 (1), Leu; 2. Phe; 1.13 (1). Lys; 4.04 (4), His; 1.09 (1), Arg; 3.01 (3), Pro; 3.89 (4) 

Compound 50. [Ser^(Octyl)]-Ghrelin (1-7)-amide 

ESI-MS [M+H]; 805.5 (theoretical: 805,0), amino acid composition after hydrolysis with propionic acid- hydrochloric 
acid (50/50) at 150 «C for 2 hours: Sen 0.86 (2+1), Gly; 1 .01 (1). Leu; 1, Phe; 1 .06 (1), Pro; 0,95 (1) 
Compound 51. [Ser3(Octyl), Dphe^J-Ghrelin (1-7)-amide 
35 ESI-MS [M+H]; 805.4 (theoretical: 805.0), amino acid composition after hydrolysis with propionic acid-hydrochloric 

acid (50/50) at 150 *^C for 2 hours: Ser; 0.97 (2+1), Gly; 1.00 (1), Leu; 1^, Phe; 1.05 (1), Pro; 1.16(1) 
Compound 52. pSer^(Octyl)]-Ghreiin (1-7)-amide 

ESI-MS [M+H]; 805.4 (theoretical: 805.0), amino acid composition after hydrolysis with propionic acid- hydrochloric 
acid (50/50) at 150 *»C for 2 hours: Sen 151 (2+1), Gly; 1.00 (1), Leu;l, Phe; 1 .00 (1), Pro; 1.00(1) 
40 Compound 53, pSer^(Octyl), Dphe4]-Ghrelin (1 -7)-amide 

ESI-MS [M+H]; 805.5 (theoretical: 805.0). amino acid composition after hydrolysis with propionic acid- hydrochloric 
acid (50/50) at 150 *»C for 2 hours: Sen 151 (2+1). Gly; 1 .00 (1), Leu; 1, Phe; 1 .00 (1), Pro; 1.01 (1) 
Compound 67. [Ser3(Bzl)]-hGhrelin 

ESI-MS M; 3336.0 (theoretical: 3334.8). amino acid composition: Ala; 1.00 (1), Arg; 2.96 (3), Glx; 5,92 (6), Gly; 
45 1.00 (1). His ; 1.01 (1). Leu; 2 (2), Lys; 4.00 (4), Phe ; 1 .02 (1), Pro ; 4.08 (4), Ser ; 3.58 (4), Val ; 0.98 (1) 

Compound 76. [N-/Vmlnopentanoyl, Sei^(Octyl), Lys5]-Ghrelln (3-5)-amlde 

ESI-MS [M+H]; 591.5 (theoretical: 590.8), amino acid composition: Ser; 0.46 (1), Phe; 1[, Lys; 1.00 (1) 
Compound 77. [W-ZVminopentanoyl, DSer^(Octyl), Dphe^, Lys5]-Ghrelin (3-5)-amide 
ESI-MS [M+H]; 691.5 (theoretical: 590.8), amino acid composition: Sen 0.45 (1), Phe; 1^ , Lys; 1.01 (1) 
so Compound 78. [Aib^ His^, Ser^(Octyl), Lys^l-Ghrelln (1-5)-amide 

ESI-MS [M+H]; 71 4.6 (theoretical: 71 3.9), amino acid composition: Ser; 0.45(1), Phe; 1^, His; 1.01 (1), Lys; 1.00(1) 
Compound 79. [Aib\ His2, DSer3(Octyl), Ophe^, Lys5]-Ghrelin (1-5)-amide 

ESI-MS [M+H]; 71 4.5 (theoretical: 71 3.9), amino acid composition: Ser; 0.44(1), Phe; 1^, His; 1.00(1). Lys; 1.01 (1) 
Compound 81. [A^Aminopentanoyl, Ser^(Octyl)]-Ghrelin (3-5)-amide 
55 ESI-MS [M+H]; 576.5 (theoretical: 575.8), amino acid composition: Ser; 0.49 (1) . Leu; 1^. Phe; 0.99 (1) 

Compound 82. [A/^Aminopentanoyl, Ser^(Octyl)]-Ghrelin (3-5)-methylamide 

ESI-MS [M+H]; 590.6 (theoretical: 589.8). amino acid composition: Ser; 0.49 (1) , Leu; 1_, Phe; 0.99 (1) 
Compound 83. [A^Aminopentanoyl. Ser^(Octyl)]-Ghrelin (3-5)-ethylamide 
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ESI-MS [M+H]; 604.3 (theoretical: 603.8), amino acid composition: Ser; 0.50 (1) , Leu; 2, Phe; 0.99 (1) 
Compound 84. [W-Aminopentanoyl, Ser3(Octyl)]-Ghrelin (3-5)-benzylamlde 

ESI-MS [M+H]: 666.5 (theoretical: 665.9), amino acid composition: Ser; 0.46 (1) , Leu; 1^, Phe; 0.98 (1) 

Compound 85. [AZ-Aminopentanoyl, Ser3(Octyl)]-Ghrelin (3-5) -aminoethylamide 

ESI-I\^S [M+H]; 619.6 (theoretical: 618.9), amino acid composition: Ser; 0.47 (1) . Leu; 1^, Phe; 0.99 (1) 

(7) Example of synthesis of a derivative containing cysteine having an alkyi side-chain 

Compound 48. [Cys3(Octyl)]-Ghrelin (1-7)-NH2; GSC(C8H^7)FLSP-NH2 

[0306] Fmoc-amide-resin (403 mg, 0.25 mmol, ABI Co.. Ltd) was treated with 20% piperazine for 20 minutes and 
subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine se- 
quentially to construct Fmoc-Ser(BuO-Cys(CsH,7)-Phe-Leu-Ser(But)-Pro resin. After Boc-GV was finally introduced by 
DCC/HOBt. the resulting protected peptide resin (550 mg) was treated with TFA (1 0 mL) for 30 minutes. The resin was 
removed by filtration, and the filtrate was concentrated followed by adding ether to the resulting residues to give about 
120 mg crude peptide as precipitates. This product was dissolved in 10 mL of 5 % acetic acid and applied to 
YMC-Pack-ODS-A (5 ftm, 20 mmx250 mm) and eluted with a linear gradient (flow rate: 1 0 mL^min.) for 60 minutes of 
from 0 to 60 % acetonitrile in 0.1% trifluoroacetic acid. The desired fractions were collected and lyophilized to give 
about 44 mg of the desired product. 

Compound 68. [Cys3(Trt)]-hGhrelin; 

GSC(C-Ph3)FLSPEHQRVQQRKESKKPPAKLQPR 



[0307] Fmoc-Arg(Pmc)-resin (403 mg. 0.25 mmol, ABI Co., Ltd) was treated with 20% piperazine for 20 minutes and 
subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine se- 
quentially to construct Fmoc-Ser(Bui)-Cys(Trt)-Phe-Leu-Ser(tBu)-Pro-Glu(OBut)-His(B oc)-Gln(Trt)-Arg(Pmc).Val-Gln 
(Trt)-Gln{Trt)-Arg(Pmc)-Lys(Bo c).GIu(OBut)-Ser(But)-Lys(Boc)-Lys(Boc)-Pro-Pro-Ala-Lys(Boc )-Leu-Gln{Trt)-Pro- 
Arg(Pmc)-HMP resin. After Boc-Gly was finally introduced by DCC/HOBt, the resulting protected peptide resin (1 4 g) 
30 was recovered. TFA (1 5 mL) was added to a part (400 mg) of the resulting resin and stirred at room temperature for 
1 hour The resin was removed by filtration, and the filtrate was concentrated followed by adding ether to the resulting 
residues to form precipitates. About 90 mg of the precipitates were dissolved in 40 mL water, then applied to YMC-Pack 
PROTEIN-RP (C4, 20 mmx250 mm) and eluted with a linear gradient (flow rate: 10 mUmin.) for 60 minutes of from 
0 to 54 % acetonitrile in 0,1% trifluoroacetic acid. The desired fractions were collected and lyophilized to arve about 
35 60 mg of the desired product. ^ 

[0308] The following peptide derivatives having allcyl cysteine were produced in the same manner as in production 
of Compound 48 or 68 described above. 

[0309] The results of the mass spectrometry and amino acid composition analysis of the peptide derivatives having 
alkyl cysteine are summarized below. 

Compound 18. [Cys3(Octyl)]-rGhrelin 

ESI-MS; 3317.0 (theoretical: 3316.9), amino acid composition: Ser; 2.69 (3). Glx; 5.90 (6) Gly- 1 00 (1) Ala- 1 99 
(2). Leu; 2, Phe; 1.02 (1). Lys; 4.97 (5). His; 0.99 (1). Arg; 1.98 (2), Pro; 3.87 (4) ' ' ' • 

Compound 48. [Cys^ (Octyl)]-Ghrelin (1-7)-^mide 

ESI-IVIS [M+H]; 821 .7 (theoretical: 821 .1), amino acid composition after hydrolysis with propionic acid-hydrochloric 
acid (50/50) at 150 *>C for 2 hours: Ser; 0.60 (2), Gly; 1.08 (1). Leu; 1, Phe; 1 .06 (1), Pro; 0.96 (1) 
Compound 49. [Cys3(Octyl), DPhe^J-Ghrelin (1-7)-amlde 

BSI-MS[M+H]; 821 .6 (theoretical:821 .1 ), amino acid composition after hydrolysis with propionic acid-hydrochloric 
acid (50/50) at 150 °C for 2 hours: Ser; 0.58 (2). Gly; 1 .02 (1), Leu; 1, Phe; 1 .06 (1), Pro; 0.97 (1) 
so Compound 68. [Cys3(Trt)]-hGhrelln 

ESI-MS 3503.0 (theoretical: 3503.1), amino acid composition: Ser; 2.42 (3), Glx; 5.77 (6). Gly; 1.00 (1) Ala- 1 01 
(1), Val; 0.94 (1). Leu; 2, Phe; 0.99 (1), Lys; 3.94 (4), His; 0.99 (1), Arg; 2.92 (3), Pro; 3.81 (4) 
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(8) Example of synthesis of a peptide derivative containing N-methyl amino adds 

Compound 86. [W-Aminopentanoyl, Ser3(Octy1). MePhe*. MeLeuSJ-Ghreiin (3-5)-amide: NH2-(CH2)4-CO-Ser{C8Hi7) 
-MePhe-MeLeu-NHa 

r0310l Fmoc-amide resin (0.40 g. 0.25 mmol) was placed in a reaction vessel equipped with a glass filter, and 15 
mL of 20% piperidlne in NMP was added thereto and shaken for 20 minutes, thus removing the Fmoc group. Thereafter 
mL NMP 1 0 mmol (4 equivalents) of Fmoc-MeLeu-OH. 1 .0 mmol (4 equivalents) of TBTU. 1 .0 mmol (4 equivalents) 
of HOBt and 1 0 mmol (4 equivalents) of DIPEA were added thereto and shaken for 1 hour to condense the Fmoc- 
MeLeu Thereafter, the peptide chain was extended by repeatedly canying out removal of Fmoc group by 20 /o pipe- 
ridlne and condensation of Fmoc-amino acid (3 equivalents) by bromo-tris-pyiTOlidino-phosphonium hexafluorophos- 
Shate (3 equivalents) In the presence of 2.25 mmol (9 equivalents) of DIPEA. The conclusion of the condensation 
Reaction was confimied by deprotecting a small amount of the resin with TFA and examining rt by HPLC and mass 
SD^ rometry(MS). After Boc-NH-(CH2)4-CO-Ser(<>C8Hi7)-MePhe-MeLeu-resin was obtained, this resin was treated 
wEf^S minutes, whereby the resin was cleaved to de-protect the peptide. After the TFA was evaporated, the 
pept^e wS washed with ethertEt^O) to gVe 120 mg NH2-(CH2),-CO-Ser(C8H„)-MePhe-MeLeu-NH T^j^^^^^^ 
wi applied to YMC-Pack ODS-A (C1 8, 20 mmxzsp mm) and eluted with a linear gradient (flow rate: ^OmUtnrn^ for 
60 minutes of O to 54 % acetonitrlle In 0.1% trifluoroacetic acid. The desired fractions were collected and lyophllized 
to Give 70 mq of the desired product. After this derivative was hydrolyzed with propionic acid-HCI (50/50) at 1 50 -C for 
2 hours, the amount of the peptide was quantified using the ratio of the peak area of aminopentenoic acid detected in 
the amino add analyzer to that of 1 0 nmol aminopentanoic acid as a standard. 

ESl-MS [M+H): 604.5 (theoretical: 603.8). detected amino adds after hydrolysis with propionic acid-HCI (50/50) at 150 
'C for 2 hours: Ser. Ape. 

(9) Synthesis of a mixed-dlsulfide derivative 

Compound 57. [Cys3(S-Heptyl)]-hGhrelin; 

GSC(S-C7Hi5)FLSPEHQRVQQRKESKKPPAKLQPR 

[03111 A de-protecting reagent (15 mL) consisting of 88 % TFA-5 % phenol-2 % TIPS-5 % H2O was added to a 
protected peptide-HMP resin (1 g) obtained by synthesis in the same manner as in production of Compound 68. and 
ihen stirred at room temperature for 2 hours. The resin was removed by filtration, and the filtrate was concentrated 
followed by adding ether to the resulting residues, whereby about 550 mg crude [Cys3l-hGhrelin POwder was obtained^ 
This product was applied to YMC-Pack ODS-A (C18. 20 mmx250 mm) and eluted with a linear gradient (flow rate: 10 
mL/min ) for 60 minutes of from 0 to 54 % acetonitrile in 0.1 % trifluoroacetic acid. The desired fractions were co lec ed 
and lyophllized to give 300 mg [Cys3]-hGhrelin (1-28). 40 mg (11 .4 nmol) of this Product was olved m water (^^ 
mL) and 1 mL solution of 4.4"-dithiodipyridine (7.5 mg, 34.2 ,tmol) in acetonitrile was added thereto and left for 1 hour. 
After the conclusion of the reaction was confirmed, the reaction solution was washed several times with ch orofomri to 
remove an excess of the 4,4'-dithiodipyridine andpyridone derivative. The aqueous layer (10 mL) containing [Uiiopyndyl 
Cys3]-hGhrelin (1-28) was adjusted to pH 7.4 with aq.5 % NH3, and a solution of 1 -heptene [sK.Jh.ol (^-Smg.^.J 
umol) in 2 mL acetonitrile was added thereto. After 1 hour, the reaction soluton was applied to YMC-Pack ODS-A 
fC18 20 mmx250 mm) and eluted with a linear gradient (flow rate: 10 mL/min) for 60 minutes of from 0 to 54 /» 
acetonitrile in 0. 1 % trif luoroacetk: add. The desired fractions were collected and lyophllized to give 1 5 mg of the desired 
product. 

SrSs S3'9To (SiJ^aT^^^^^^^ acid composition: Ser; 2.76 (3). Gbc; 5.81 (6), Gly; 0.99 (1 ). Ala, 1 .01 (1). 

Val; 0.95 (1). Leu; 2. Phe; 0.99 (1). Lys; 3.95 (4), His; 0.99 (1), Arg; 2.93 (3). Pro; 3.84 (4) 

(10) Examples of synthesis of a derivative having an amide In a side chain at the 3rd position and an ester in the 
reverse direction 

Compound 55. [Asp3(NH-Heptyl)]-hGhrelin; 
GSD(fMH-C7Hi5)FLSPEHQRVQQRKESKKPPAKLQPR 

r03121 Fmoc-Arg(Pmc)-HMP-resin(403mg.0.25mmol.ABICo..Ltd)wastreatedwith20%piperazlnefor20minutes 
and subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc by piperazine 
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sequentially to construct Fmoc-Ser(But)-Asp(OPis)-Phe-Leu-Ser(tBu)-Pro-Glu(OBu«)-Hls{ Boc)-Gln(rrt)-Arg(Pmc) 
-Val-GlnCT rt)-GlnfT rt)-Arg(Pnfic)-Lys(B oc)-Glu(OBu»)-Ser(Bu«)-Lys(Boc)-Lys(Boc)-Pro-Pro-Ala-Lys(Bo c)-Leu-Gln(Trt) 
-Pro-Arg(Pmc)-HMP resin. After Boc-Gly was finally introduced by DCC/HOBt, the resulting protected peptide resin 
(1 .3 g) was treated with 4 % TFA-methylene chloride solution (15 mL) for 15 minutes. The peptide resin was recovered 
by filtration and washed several times with methylene chloride (30 mL), washed with 4% DIEA (10 mL) and then with 
methylene chloride (30 mL). 

[031 31 The resulting de-Pis peptide resin (about 1 .3 g) was swollen with NMP (1 0 mL), and water-soluble carbodi- 
imidehydrochlonde(191.7mg. I.Ommol). HOBt (135.2 mg, 1.0mmol)and n-heptylamine (115.2 mg, 1.0 mmol) were 
added thereto and allowed to react for 8 hours. 

[031 41 The resin was recovered by filtration, washed with NMP and methylene chloride, and dried under vacuum to 
give about 1 .2 g protected peptide resin where the Asp 3 residue was heptylamidated. A deprotecting reagent (1 0 mU 
consisting of 88 % TFA-6% phenol-2% TIPS^% H^O was added thereto and stirred at room temperature for 2 hours 
The resin was removed by filtration, and the filtrate was concentrated followed by adding ether to the resulting residues 
to fomi precipitates. The precipitates were recovered by filtration and dried to give about 550 mg crude peptide 
[0315] 200 mgofthisproductwas dissolved in lOmLwaterandappliedtoYMC-PackPROTEIN-RP (C4 20mmx250 
mm) and eluted with a linear gradient (flow rate: 10 mL/min.) for 60 minutes of from 0 to 54 % acetonitrile in 0 1 % 
trifluoroacetic acid. The desired fractions were collected and lyophillzed to give about 120 mg of the desired product. 

Compound 61. [Lys3(Octanoyl)]-hGhrelln; 
GSK(CO-C7Hi5)FLSPEHQRVQQRKESKKPPAKLQPR 

[0316] Fmoc-Arg(Pmc)-HMP-resin (403 mg, 0.25 mmol, a product of ABI Co., Ltd) was treated with 20% piperazine 
for 20 minutes and subjected repeatedly to introduction of Fmoc-amino acid by HBTU/HOBt and elimination of Fmoc 

by piperazine sequentially to construct Boc-Gly-Ser(tBu)-Lys(iyitt)-Phe-Leu-Ser(tBu)-Pro-Glu(OBut)-H i s(Boc)-Gln(Trt> 
-Arg(Pmc)-Val-GlnCr rt)-Gln(T rt)-Arg(Pmc)-Lys (Boc)-Glu(OBut)-Ser(But)-Lys(Boc)-Lys(Boc)-Pro-Pro-Ala-Lys( Boc) 
-Leu-Gln(Trt)-Pro-Arg(Pmc)-HMP resin. About 300 mg of the resulting protected peptide resin was treated with 1 % 
TFA-5 % TIPS-methylene chloride solution (15 mL) for 60 minutes. 

[0317] The peptide resin was recovered by filtration and washed several times with methylene chloride (30 mL) 
washed with 10 % DIEA (10 mL) and then with methylene chloride (30 mL). The resulting de-Mtt peptide resin (about 
300 mg) was swollen with NMP (2 mL), and octanoic acid (40 0.25 mmol) and DCC (52 mg, 0.25 mmol) were added 
thereto in the presence of HOBt (34 mg, 0.25 mmol) and allowed to react overnight. 

[0318] The resin was recovered by filtration, washed with NMP and then with methylene chloride, and dried under 
vacuum to give about 300 mg protected peptide resin where the lysine 3rd residue was octanoylated. A deprotectina 
reagent (5 mL) consisting of 88 %TFA-5% phenol-2% TIPS-5% H^O was added thereto and stirred at room temperature 
for 2 hours. The resin was removed by filtration, and the filtrate was concentrated followed by adding ether to the 
resulting residues to fomi precipitates. The precipitates were separated by filtration and dried to give about 234 ma 
crude peptide. 

[0319] This product was dissolved in 6 mL acetic acid and applied to YlVIC-Pack ODS-A (5 nm, 20 mmx250 mm) 
and eluted with a linear gradient (flow rate: 1 0 mUmm.) for 60 minutes of from 0 to 60 % acetonitrile in 0 1 % trifluor- 
oacetic acid. The desired fractions were collected and lyophillzed to give about 100 mg powder. This product was 
dissolved in 2 mL of 50 % acetic acid and applied to YMC-Pack PROTEIN-RP (5 nm, C4. 20 mmx250 mm) and eluted 
with a linear gradient (flow rate: 10 mUmin.) for 60 minutes of from 0 to 60 % acetonitrile in 0.1 % trifluoroacetic acid 
The desired fractions were collected and lyophilized to give about 52 mg powder 

[0320] The following compounds were produced in the same manner as in preparation of Compound 55 or 61 de- 
scribed above. 

[0321] The results of the mass spectrometiy and amino acid composition analysis of the peptide derivatives synthe- 
sized by the conventional Fmoc method are summarized below. 

so Compound 54. [Asp3(0-Heptyl)]-hGhreiin (1-28) 

ESI-MS 3371 .0(theoretical: 3370.9), amino acid composition: Asx; 0.99 (1), Ser; 2.70 (3) Glx- 5 87 (6) Gly 1 01 
(1 ), Ala; 1 .01 (1 ), Val; 0.94 (1 ). Leu; 2. Phe; 1 .00 (1 ), Lys; 4.02 (4), His; 1 .00 (1 ), Arg; 2.98 (3)', Pro- 3 84 (4) 
Compound 55. [Asp3(NH-Heptyl)]-hGhrelin (1-28) 

ESI-MS 3370.0 (theoretical: 3369.9), amino acid composition: Asx; 0.88 (1), Ser; 2.95 (3) Glx- 5 97 (6) Gly- 1 21 
(1), Ala; 1.03 (1). Val; 0.98 (1), Leu; 2, Phe; 1.00 (1). Lys; 3.94 (4), His; 0.92 (1), Arg; 2.91 (3)! Pro- 3 99 (4) 
Compound 56. [Dap3(Octanoyl)]-hGhrelin 

ESI-MS M; 3370.0 (theoretical: 3369.9), amino acid composition: Ala; 1.02(1). Arg; 2 94 (3) Glx- 5 94 (6) Glv- 
1.00 (1), His; 0.91 (1), Leu; 2 (2). Lys; 3.93 (4), Phe; 0.99 (1). Pro; 4.01 (4), Ser; 2.88 (3). Val;'o.98'(1). Dap; N.D.' 
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Compound 58. [AdocP]-hGhrerm (1-28) 

ESI-MS M- 3355.0 (theoretical: 3355.0). amino acid composition: Ala; 1.01 (1), Arg; 2.91 (3). Glx; 5.95 (6). Gly: 
1.01 (1), His; 0.91 (1). Leu: 2 (2). Lys; 3.94 (4). Phe; 0.99 (1), Pro; 4.02 (4). Ser; 2.88 (3). Val; 0.96 (1) 
Compound 61 . [Lys3(Octanoyl)]-hGhrelln ^ no 

5 ESI-MS M* 3412 0 (theoretical: 3412.0), amino acid composition: Ala; 1.05 (1). Arg; 3.05 (3), Glx; 6.02 (6), tiiy, 

1.00 (1). His; 1.00 (1), Leu; 2 (2), Lys; 5.11 (5), Phe; 0.97 (1), Pro; 4.20 (4), Ser; 2.68 (3), Val; 1.00 (1) 
Compound 62. [Trp^]-hGhrelin 

ESI-MS M- 3343 0 (theoretical: 3343.9), amino acid composition: Ala; 1.00 (1). Arg; 3.03 (3), Glx; 5.94 (6), Gly; 

1.01 (1), His; 1 .01 (1), Leu; 2 (2), Lys; 4.00 (4). Phe; 0.99 (1), Pro; 3.96 (4), Ser; 2.60 (3), Trp; N.D., Val; 0.98 (1) 
10 Compound 63. [Phe^-hGhrelin 

ESI-MS M- 3305 0 (theoretical: 3304.8), amino acid composition: Ala; 0,99 (1), Arg; 2,96 (3), Glx; 5.86 (6), Gly; 
1 .00 (1), His; 1 .00 (1), Leu; 2 (2), Lys; 3.98 (4). Phe; 2.01 (2), Pro; 3.99 (4). Ser; 2.67 (3). Val; 0.98 (1) 
Compound 64. [Gha^]-hGhrelin 

ESI-MS M- 3411 0 (theoretical: 3410.9), amino acid composition: Ala; 1.02 (1), Arg; 3.01 (3), Glx; 5.92 (6), Gly; 
15 1.01 (1), His+Cha; 2.01 (1+1), Leu; 2 (2), Lys; 4.02 (4), Phe; 1.01 (1), Pro; 4.03 (4), Sen 2.72 (3), Val; 0.97 (1) 

Compound 65. [2J-Na|3]-hGhrelln 

ESI-MS M- 3354.0 (theoretical: 3354.9), amino acid composition: Ala; 1.00 (1). Arg; 2.95 (3), Glx; 5.87 (6), Gly; 

1.02 (1), His; 1 .01 (1), Leu; 2 (2). Lys; 3.98 (4), Phe; 1.01 (1), Pro; 3.94 (4), Ser; 2.73 (3). Val; 0.97 (1). Nal; N.D. 

(1) Compound 66. [2-DNaP]-hGhrelin 

20 ESI-MS M- 3355.0 (theoretical: 3354.9). amino acid composition: Ala; 1.02 (1), Arg; 2.95 (3), Glx; 5.96 (6), Gly; 

1.00 (1), His; 0.92 (1). Leu; 2 (2), Lys; 3.94 (4). Phe; 0.99 (1), Pro; 4.02 (4). Ser; 2.91 (3), Val; 0.98 (1), Nal; N.D. 

(2) Compound 70. [Leu^l-hGhrelin 

ESI-MS M; 3270.0 (theoretical: 3270.8), amino acid composition: Ala; 0.99 (1), Arg; 2.95 (3), Glx; 6.88 (6), Gly; 

1.01 (1), His; 1.00 (1), Leu; 3 (3). Lys; 3.96 (4), Phe; 1.00 (1), Pro; 3.89 (4), Ser; 2.65 (3), Val; 0.97 (1) 
25 Compound 71 . [lle^J-hGhrelin 

ESI-MS M- 3270 0 (theoretical: 3270.8), amino acid composition: Ala; 0.98 (1), Arg; 2.96 (3), Glx; 5.87 (6), Gly; 
0.99 (1). His; 1.01 (1), He; 0.98 (1), Leu; 2 (2), Lys; 3.97 (4), Phe; 1.00 (1), Pro; 3.97 (4), Ser; 2.65 (3), Val; 0.98 
(1 ) Compound 72. [Lys3(Octanoyl)l-hGhrelin 

ESI-MS M- 3286.0 (theoretical: 3285.8), amino acid composition: Ala; 1.02 (1), Arg; 2.94 (3), Glx; 5.95 (6), Gly; 
30 0.99 (1). His; 0.92 (1). Leu; 2 (2). Lys; 4.92 (5). Phe; 0.99 (1), Pro; 4.02 (4), Ser; 2.91 (4). Val; 0.99 (1) 

Compound 73. [Nle^J-hGhreiin 

ESI-MS M- 3270.0 (theoretical: 3270.8), amino acid composition: Ala; 1.01 (1). Arg; 2.98 (3), Glx; 5.92 (6), Gly; 

1.02 (1), His; 1.01 (1), Leu; 2 (2), Lys; 4.01 (4), Phe; 1.01 (1), Pro; 4.01 (4), Ser; 2.71 (3), Val; 0.98 (1), NIe; N.D, 
(1) Compound 74. [Va|3]-hGhrelin 

35 ESI-MS M- 3256.0 (theoretical: 3256.8), amino acid composition: Ala; 0.98 (1), Arg; 2.96 (3), Glx; 5.84 (6), Gly; 

1 00 (1), His; 1.01 (1), Leu; 2 (2). Lys; 3.97 (4). Phe; 0.99 (1), Pro; 3.94 (4), Ser; 2.64 (3), Vat; 1.97 (2) 
Compound 80. [Aib^ , His2, ^NaP, ^Phe^, Lys5]-Ghrelin (1 -5)-amide; Ipamorelin 
ESI-MS [M+H]; 712.5 (theoretical: 711 .9), amino acid composition: Phe; 1, His; 1 .00 (1), Lys; 1 .00 (1) 

40 Example 11 . Comparison of activity among ghrelin derivative peptide-type compounds 

[0322] The Ca-releasing activities of the ghrelin derivative peptide-type compounds synthesized in Example 1 0 and 
the natural ghrelin peptide were measured in the same manner as in Example 1 . 

45 (1) Modification of a side chain of 3rd serine 

A. Position of an octanoyl group 

[0323] The significant structural feature of ghrelin lies in the octanoyl group on the hydroxyl group of 3rd serine. First, 
50 whether or not it is advantageous for exhibiting the activity that the position of serine to be octanoylated is the 3rd 
position was examined. In this examination, the intracellular Ca-releasing activity in CHO cells expressing rat GSH 
receptor was used as the indicator. 

[0324] On the basis of ghrelin (1 -9) amide (a short-chain ghrelin derivative) whose EC50 value was kept at 5.4 nM. 
[serines (octanoyl), serine3]-ghrelin (1-9) amide, [serines (oatanoyl)]-ghrelin (1-9) amide, and [No-octanoyl, serine3]- 
55 ghrelin (1 -9) amide were synthesized, and tiieir intracellular Ca-releasing activity was examined. 
[0325] The results are summarized in Table 4. 
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Table 4 



Ghrelin derivative activity 1 
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Compound 
Structure 


Ca- 

releasing 
activity 
EC50 (nM) 


1. human Ghrelin 

GSS ( CO-C7H15 ) FLSPEHQRVQQRKESKKPPAKLQPR 


1.3 


GSS ( CO-C7H1S ) FLSPEHQKAOQRKESKKPPAKLQPR 


1.5 


3. Ghrelin (1-9) -amide 

H-Gly-Ser- Ser(CO-C7Hi5 ) -Phe-Leu-Ser-Pro-Glu-His-NH, 


5.4 


4. [Ser^(Ootanoyl), Ser^] -Ghrelin (l-9)-amide 

H-Gly. Ser(C0-C7Hi5) -Ser-Phe-Leu-Ser-Pro-Glu-His-NH, 


1,100 


5. [Ser'(Octanoyl)] -Ghrelin (l-9)-amide 

H-Gly- Ser(C0-C7Hx5)- Ser (CO-C7Hi5) -Phe-Leu-Ser-Pro 

-Glu-His-NHa 


1,400 


6, [i^-Octanoyl, Ser^] -Ghrelin (1-9) -amide 
C7HisCO-Gly-Leu-Ser-Phe-Leu-Ser-Pro-Glu-His-NHj 


>10,000 



50 



[0326] The activity was reduced to about 1/200 by transferring an octanoyi group from 3rd serine to 2nd serine in 
hunnan ghrelin (EC50 = 1 ,100 nM). 

[0327] The derivative having octanoyi groups at both the 2nd and 3rd positions also showed a reduced activity ^EC 
= 1,400 nM). 

[0328] Further, the activity was relatively weakened by N-octanoylation at only the amino-terminal amino group (EC«« 
> 10,000 nM). 

[0329] From these results, it was revealed that the position of the amino acid modified with an octanoyi group is 
particularly preferably the 3rd position in the ghrelin molecule. 

B, Chain length of a fatty acid 

[0330] The intracellular Ca-releasing activity of the des-octanoyl derivative derived from rat ghrelin by eliminating 
the side-chain octanoyi group of 3rd serine was 3,500 nM as compared with the activity (2.6 nM) of the octanoylated 
ghrelin, and thus it is evident that the side-chain octanoyi group of 3rd serine plays a very important role in expressina 
the activity. 

[0331 ] Accordingly, the relationship between the activity and the number of carbon atoms in the side-chain acyl group 
of senne in rat ghrelin was examined using various saturated fatty acids. That is, the intracellular Ca-releasing activities 
of the ghrelin derivatives wherein the hydroxyl group of 3rd serine was acylated with an acetyl group (CH3CO-) pro- 
plonyl group (CH3CH2CO-). butyryl group (CH3(CH2)2CO-), hexanoyi group {CH3(CH2)4CO.), decanoyi group (CH^ 
(CH2)8CO-), lauroyi group (CH3(CH2)ioCO-), and palmltoyi group (CH3(CH2)i4CO-) were determined. 
[0332] The results are summarized in Table 5. 
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Table 5 



Ghrelin derivative activity 2 



Compound 
Structure 


Ca- 

x'Q leasing 
activity 


7. [Ser'l-x'at Ghrelin 
GSSFLSPBHQKAQQRKESKKPPAKLQPR 


3,500 


8 . [ Ser^ (Acetyl ) ] -rGlirelin 

GSS (CO-CH3 ) FLSPEHQKAQQRKESKKPPAKIjQPR 


780 


9 • I Ser"* ( Proplonyl ) ] -rObrelin 

rcc i m-r«H- ^ FT^SPEHOKAOORKESKKPPAKLOPR 


n. t . 


10 . I Ser* ( Butyryl ) ] -rGhrelln 

GSS ( CO-C3H7 ) FLSPEHQKAQQRKESKKPPAKLQPR 


280 


1 1 • I Ser' ( Hexanoyl ) ] -rCbrelin 

GSS ( CO-C5H11 ) FLSPEHQKAQQRKESKKPPAKLQPR 


16 


12. [ Ser* ( Deoanoy 1 ) J -rGlirelln 

GSS ( CO- C9H19 ) FLSPEHQKAQQRKESKKPPAKLQPR 


1,7 


13 • [ Ser^ ( Lauroyl ) 1 - rClirelin 

GSS { CO- C11H23 ) FLSPEHQKAQQRKESKKPPAKLQPR 


2.4 


14 . [ Ser^ ( Palmltoyl) ] -rcaurelln 

GSS ( CO-C15H31 ) FLSPEHQKAQQRKESKKPPAKLQPR 


6.5 



[0333] In the table, "n.t." indicates that the sample was not tested. 

30 [0334] The influence of the chain length of fatty acid on the activity was made increasingly significant with an EC50 
value of 780 nM for the ghrelin derivatives having acetyl group (C2) and an EC50 value of 280 nM for the ghrelin 
derivatives having butanoyi group (04), and the ghrelin derivatives having the hexanoyl group (07) brought about a 
further increase in the Ca-releasing activity (EO50 value, 16 nM), and the ghrelin the octanoyi group pennitted the Oa- 
releasing activity to reach a peak (EO50 value, 1 .5 nM). Even the ghrelin derivatives having the decanoyi group (C1 0) 

35 maintained a similar Oa-releasing activity (EO50 value, 1 .7 nM) to that of ghrelin, and further the EO50 value was 2.4 
nM for the ghrelin derivatives having lauroyi group (C1 2) and 6.5 nM for the ghrelin derivatives having palmltoyl group 
(01 6), thus indicating that the Ca-releasing activity was maintained even if the chain length of fatty acid was Increased. 

C. Substitution of various acyl groups 

40 

[0335] Human ghrelin derivatives were prepared by binding 3-phenyl propionic acid (HO-OG-OHgCHgPh) as a typical 
example of aromatic fatty acid. 3-octenoic acid {OH3{CH2)30H=OH-CH2COH) as a typical example of unsaturated fatty 
acid or 4-methyl pentanoic acid ((CH3)2CH-CH2CH2C02H) as a typical example of branched fatty acid, in place of 
saturated fatty acid, via an ester linkage to the hydroxyl group of 3rd serine, and their activity was examined. 

45 

D. Oonversion into allcyl groups 

[0336] By converting the chemically instable ester linkage into a chemically stable ether or thioether linkage or the 
like, chemically stable ghrelin derivatives can be fomned. However, it goes without saying that maintenance of the 

50 activity is a preposition for this conversion. 

[0337] Hence, an ether derivative of human ghrelin wherein 3rd serine was octylated (CeH^y) and a thioether deriv- 
ative of rat ghrelin wherein 3rd serine was replaced by cysteine and octylated were examined for their activity. 
[0338] Further, a derivative of human ghrelin wherein 3rd serine was benzylated (-CHgPh) and a derivative of human 
ghrelin wherein 3rd serine was replaced by cysteine and tritylated (-C(Ph)3) were prepared. 

55 [0339] The results are summarized in Table 6. The Ca-releasing activities of the derivative of human ghrelin wherein 
3rd serine was benzylated (-CHaPh) and the derivative of human ghrelin wherein 3rd serine was replaced by cysteine 
and tritylated (-C(Ph)3) are shown as those of Compounds 67 and 68 respectively in Table 13. The Ca-releasing activity 
of the derivative of human ghrelin wherein 4-methyl pentanoic acid ((CH3)20H-CH2CH2002H) was bound via an ester • 
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linkage to the hydroxyl group of 3rd serine is also shown as that of Connpound 69 in Table 13. 



Table 6 



Ghrelin derivative activity 3 



Compound 


Ca- 

releasing 
activity 
ECso (nM) 


15. ISer^(3-Phenylproplonyl) l-hGixrelln 
GSS ( CO-CHaCHiPh ) FLSPEHQRVQQRKESKKPPAKLQPR 


1.4 


16 • r Sojr-' ( 3 -Octenoyl ) ] -hGhrelln 

GSS ( CO-CHjCH-CH ( CH^ ) 3CH3, ) FLSPEHQRVQQRKESKKPPAiCLQPR 


1.7 


17 ♦ ISojr'COotyDl-hGlirelln 

GSS ( CsHiT ) FLSPEHQRVQQRKESKKPPAKLQPR 


1.2 


la . [Cys^(Ootyl) 1 -rGlixelln 

GSC ( C»Hi7 ) FLSPBHQKAQQRKESKKPPAKLQPR 


5.4 



[0340] Introduction of 3-octenoyl group as an example of unsaturated fatty add into the side-chain of 3rd serine 
brought about a similar Ca-releasing activity (EC50 = 1 .7 nM) to the activity of the ghrelin derivatives having an octanoyi 
group. 

[0341 ] Interestingly, even if a phenyl propionyl group was introduced, the Ca-releasing activity was rr^aintained to be 
high (EC50 = 1 .4 nM), and even if a 4-nnethylpentanoyl group (C6) as an example of branched fatty acid was introduced, 
the ECgo value was 4.4 nM, indicating that the Ca-releasing activity was maintained (Compound 69 in Table 13). thus 
revealing that it is not always necessary that the side-chain acyl group in 3rd serine is a linear-chain alkanoyi group. 
[0342] Further, the EC50 values of the ether and thioether derivatives expectable to be chemically stable, wherein 
3rd serine or 3rd cysteine were octylated. were maintained to be 1.2 nM and 5.4 nM respectively, thus revealing that 
it is not always necessary that the side chain of amino acid residue at 3rd position Is an acyl group. 
[0343] Further, the EC50 values of ghrelins wherein amino acid residue 3rd position was replaced by Ser (B2I) [that 
is, the derivative of human ghrelin wherein 3rd serine was benzylated (-CHaPh)] or by Cys (Trt) [that is, the derivative 
of human ghrelin wherein 3rd serine was replaced by cysteine and tritylated (-C(Ph)3)] were 7.6 nM and 20 nM, re- 
spectively, thus indicating that the Ca-releasing activity was maintained (Compounds 67 and 68 in Table 13). 

(2) Determination of the active region 

[0344] The intracellular Ca-releasing activity of ghrelin (1 6-28) containing the original carboxyl-terminal region was 
relatively low {EC50 > 10,000 nM), while the EC50 values of human ghrelin (1-15) and rat ghrelin (1-15) both containing 
the original amino-temninal region were 7.0 nM and 8.6 nM respectively, thus indicating that the intracellular Ca-releas- 
ing activity was maintained, and it was thereby revealed that the active site of ghrelin is present In the amino-termlnal 
region (Table 7). 
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Table 7 



Ghrelln derivative activity 4 



Compound 
Structiire 


Ca- 

releasing 
activity 
ECso (nM) 


19. Gbrelin (16-28) 

H-Lys-Glu-Ser-Lys-Lys-Pro-pro-Ala-lysLeu-Gln-Pro-Ar 
g-OH 


>10.000 


20. liGlirelin (1-15) 

H-Gly-Ser-Ser(CO-C7Hi5)-Phe-Leu-Ser-Pro-Glu-His-Gln- 
Arg- Val -Gin -Gin - Arg-OH 


7^0 


21. rGbrelin (1-15) 

H-Gly-Ser-Ser(C0-C7Hi5)-Plie-Leu-Ser-Pro-Glu-His-Gln- 
Ly s - Ala - Gin - Gin - Arg -OH 


8.6 


22. £des Gln^l-rGhrerin 

GSS ( CO-CtHxs ) FLSPEHQKAQ_RKESKKPPAKLQPR 


1,5 



25 

[0345] Further, because the activities of human and rat ghrelins (1-15) were almost the same, the amino acid resides 
11th and 12th position(arginyl-valyl- in human, and -lysyl-aranyl- in rat) are not limited to these amino acids. 
[0346] The results of the correlation between structure and activity, obtained using human or rat ghrelin, can be 
applied to rat and human ghrelins respectively. 
30 [0347] Further, [des-glutamine^^J-rat ghrelin prepared by removing 14th glutamine from the ghrelin exhibited a Ca- 
releasing activity. (EC50 = 1 .5 nM) similar to that of rat ghrelin, indicating that the amino acid in the middle of the ghrejin 
molecule may be deleted. 

(3) Peptide chain length and introduction of basic group into the carboxyl-temninal 

35 

[0348] On the basis of ghrelin (1-15) found to have a relatively strong activity, a derivative was prepared by suitably 
deleting carboxyl-terminal amino acid residues from the ghrelin(1-15), and their activity was evaluated. 
[0349] The activities of the short-chain derivatives having carboxylic acid at the cariDOxyl-terminal and the short-chain 
derivatives amidated at the carboxyl-tenminal are shown in Table 8. 
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Table 8 



Ghrelln derivative activity 5 



Compoxind 
Structure 


Ca- 

releaslng 
activity 
EC30 (nM) 


2 3 . bGlirellii (1-11) 

H-Gly-Ser-Ser(C0-C7Hi5) -Phe-Leu-Ser-Pro-Glu-His-Gln 
-Arg-OH 




24. rGhrelln (1*11) 

H-Gly-Ser-Ser(C0-C7Hi5) -Ph^-Lou-Ser-Pro-Glu-Hls-Gln 


15 


25* Gbrelln (1*10) 

H-Gly-Ser-Ser(CO-C7Hi5) -Phe-Leu-Ser-Pro-Glu-Hls-Gln 
-OH 


19 


26. Glurelln (1-9) 


38 


27. GbTOlln (1-8) 

H— Glv— Ser— Serf CO— C^H^e 1 — Plie-Iieii— Sf»T»—pT-o— fil n-nw 


100 


28. Glirelln (1-8) -amide 

H - G ly- ser - ser ( co - C7HX5 ) - Piie - l<eu - Sbx^^to - Glu -NH2 


13 


29. Gbrelln (1-7) -amide 

xi - v>J.y - b er - oer \ co - C7I11 5 ) - FDe - iieu - ser - Fro - NH2 


2.6 


30. Ghrelln (1-6) -amide 

H-Gly-Ser-Ser(CO-C7Hi5) -Phe-Leu-Ser-NH2 


4.8 


31. Giirelln (1-5) 

H-Gly-Ser-Ser(CO-C7Hi5) -Phe-Leu-OH 


68 


32. Giirelln (1-5) -amide 

H-Gly-Ser-Ser(CO-C7Hi5)-Plie-Leu-NHa 


6.2 


33-1. Ghrelln (1-4) 
H-Gly-Ser-Ser(CO-C7Hx5) -Phe-OH 


480 


33-2. Ghrelln (1-4) -amide 

H-Gly-Ser-Ser(CO-C7Hi5) -Phe-NH2 


160 


34. Ghrelln (1-3) -amide 

H-Gly-Ser-Ser(CO-C7Hi5) -NHa 


>10,000 



[0350] The Ca-releasing activity of ghrelin (1-3) amide was relatively low (EC50 > 10,000 nM). The EC50 of ghrelin 
(1-4) added phenylalanine to the ghrelln(1-3) was 480 nM and the EC50 of the carboxyl-temninal amide derivative 
thereof was 160 nM, thus revealing that they have a significant Ca-releasing activity. 

[0351] Further, the activity of ghrelin (1-5) amide added leucine amide to ghrelin(1-4) was about 26 times (EC50 = 
6.2 nM) as high as that of ghrelin(1 -4) amide, thus exhibiting a Ca-releasing activity at the same level as that of natural 
ghrelin. 

[0352] The highest Ca-releasing activity was found in ghrelin (1 -7) amide, and its EC5Q value was almost equivalent 
to that of natural ghrelin. 

[0353] From the above result, the structural factor essential for expressing the ghrelin activity could be attributed to 
the sequence of 4th amino-terminal residues, but because its affinity for ghrelin receptor or signal transduction is 
drastically improved by adding a residue such as leucine at the 5th position, a residue such as leucine is preferably 
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added at the 5th position. 

[0354] As is evident from the above result, the Ca-releasing activity tended to be increased by amidation of carboxyl- 
temninal carboxylic acid. 

[0355] For example, the Ca-releasing activity (EC50 = 5.4 nM) of ghrelin (1 -9) after amidation was about 7 times as 
high as the activity (EC50 = 38 nM) before amidation. and the Ca-releasing activity (EC50 = 160 nM) of ghrelin (1-4) 
after amidation was about 3 times as high as the activity (EC50 = 480 nM) before amidation. Further, the Ca-releasing 
activity (EC50 = 13 nM) of ghrelin (1-8)amlde produced from ghrelin (1-9)amlde by removing basic histidine reside 9 
was lower than the activity (EC50 = 5.4 nM) of ghrelin (1-9)amide, while the Ca-releasing activity (EC50 = 2.6 nM) of 
ghrelin (1-7) amide produced by removing glutamic acid 8 as acidic amino acid was higher than the activity (EC50 = 
13 nM) before removal. 

[0356] One effect of amidation is to neutralize the negative charge of carboxylic acid, and the above result indicates 
that the basicity of carboxyl-temninal amino acid in the short-chain derivative contributes significantly to the increase 
in activity. 

[0357] On the basis of this result, derivatives endowed vwth basicity at the carboxyl-temninal. which are similar to 
ghrelin (1-7) amide showing high activity, were prepared and their activity was examined. 
[0358] The results are shown in Table 9. 

Table 9 



Glirclin derivative activity 6 



Corapound 
Structxire 


Ca- 
releasing 
activity 
EC50 (nM) 


35. I Lys'l -Ghrelin (1-8) -amide 

H-Gly-Ser-Ser{CO-C7His)-Phe-Leu-Ser-Pro-Lys-NH2 


1.1 


36. I Arg'l -Ghrelin (1-8) -amide 

H-Gly-Ser-Ser{CO-C7Hi5)-Phe-Leu-Ser-Pro-Arg-NH2 


1.1 


37. [I.ys'1 -Ghrelin (1-6) -amide 
H-Gly-Ser-Ser{CO-C7His)-Phe-Leu-Lys-NH2 


12 


38. [Lys'l -Ghrelin (l-5)-amlde 

H-GlY-Ser-Ser(CO-C7Hi5)-Phe-Lys-NH2 


10 


39. ["Phe*, Lys'l -Ghrelin (1-5) -amide 

H-Gly-Ser-Ser(C0-C7Hia)-°Phe-Ly3-NH2 


1,700 



[0359] The Ca-releasing activity (EC50 = 1 2 nM) of [Iyslne6]-ghrelin (1 -6) amide having lysine added at the carboxyl- 
termlnal of ghrelin (1-5) was slightly lower than the activity (EC50 = 4.8 nM) of ghrelin (1-5), while the Ca-releasing 
activity (EC50 = 1 0 nM) of ghrelin (1 -4) having lysine added at the carboxyl-terminal was about 50 times as high as the 
activity (EC50 = 480 nM) before addition. Further, the Ca-releasing activity (EC50 = 1 .1 nM), respectively, of the amide 
derivative having arginine or lysine added at the carboxyl-temninal of ghrelin (1-7) was very stronger than the activity 
(EC50 = 2.6 nM) of ghrelin (1-7) amide. 

[0360] It was revealed that in almost all the cases, the activity Is increased by masking of acidity at the carboxyl- 
temrilnal and introduction of a basic group. 

(4) Amino-temnlnal glycine and 2nd serine residue 

[0361] On the basis of ghrelin (1-7) amide (EC50 = 2.6 nM) [Compound 29 in Table 8] or ghrelin (1-9) amide (EC50 
= 5.4 nM) [Compound 3 in Table 4] found to have activity, the influence on the activity of amino-temnlnal glycine and 
2nd serine was examined. 

[0362] The results are summarized in Table 10. 
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Table 10 



5 


Ghrelln derivative activity 7 






Compound 
Stmicture 


jCa- 

releaslng 
activity 
EC 50 (nM) 


10 


40 • [i^-Amlnopentanoyl] -Glirelln ( 3-7 ) - amide 
NHa- ( CHa ) 4-CO-Ser (CO-C7H15 ) -Phe-Leu-Ser-Pro-NHj 


3,4 


15 


41. I J/- Acetyl ] -Ghjrelln (1-10) 

CH3CO-Gly-Ser-Ser<CO-C7Hi3)-Plie-Leu-Ser-Pro-Glu-His-Gl 
n-OH 






42 • t J^r-Tyr] -z^lurelln 

YGSS ( CO-C7H1S ) FLSPEHQKAQQRKESKKPPAKLQPR 


120 


20 


43. [i»r-Glyoyl] -Ghrelln (3-7)-aiBlde 

H-Gly-Ser(CO-C7Hia)-Phe-Leu-Ser-Pro-NH2 


380 




44 • [lieu' J -Gnrelln ( 1-7 ) - amide 

H-Gly-Leu-Ser(CO-C7Hi5)-Phe-Leu-Ser-Pro-NH2 


42 


25 


45* [Hls'']-Glirelln (1-7) -amide 

H-Gly-Hls-Ser ( CO-C7H15 ) -Plxe-Leu-Ser-Pro-NHa 


35 




46 « [Lys''] -Ghrelln (1-7) -amide 
H-Gly-Lys-Ser(C0-C7His)-Phe-Leu-Ser-Pro-NHa 


24 


30 


47. [Gly'l -Ghrelln (1-7) -amide 
H-Gly-Gly-Ser(CO-C7Hi3)-Plie-Leu-Ser-Pro-NH2 


78 



[0363] The activity of No-acetyl-ghrelin (1-10) wherein the amino^erminal amino group in the ghrelin(l-IO) was 
35 blocked was relatively low (EC50 > 1 0,000 nM). As described above, the activity of [N«-ocatanoyl, serine^J-ghrelin (1 -9) 
amide (Compound 6 in Table 1 ) was also relatively low (EC50 > 1 0,000 nM), and thus the amino-termlnal amino group 
is preferably not blocked in order to express the Ca-releasing activity. 

[0364] On the other hand, the Ca-releasing activity of N<*-amlnopentanoyl-ghrelin (3-7) amide wherein amino-termina! 
glycine and 2nd serine were replaced by 5-amino-n-pentanoic acid (NH2-(CH2)4-CO-) having a length of 2nd residues 

40 was almost maintained (EC50 = 3.4 nM), the Ca-releasing activity of [N«-glycyl]-ghreIin (3-7) amide from which 2nd 
serine had been deleted was lower (EC50 = 380 nM), and the Ca-releasing activity of [N-tyrosyl]-rat ghrelln having a 
tyrosine residue added at the amino-temninal in the rat ghrelln was lower (EC50 = 120 nM), so that it Is preferable, for 
obtaining stronger activity, that the amino-terminal amino group is present at a position of a length of 2 residues from 
octanoyl 3rd serine residue to the amino-terminal. 

45 [0365] Further, the EC50 values of the derivatives of ghrelln (1-7) amide wherein 2nd serine had been replaced by 
leucine, glycine, histidlne and lysine were 42 nM, 78 nM, 24 nM and 35 nM respectively, Indicating a slightly lower Ca- 
releasing activity than that of ghrelln (1-7) amide. 

[0366] Since this result indicates that the 2nd serine residue (-NH-CH(CH20H)-C0-) can be replaced by the partial 
structure -CH2-CH2-CO- in amlnopentanolc acid, the 2nd serine residue acts at least as a spacer for separating amino- 
50 terminal amino group of ghrelln by a predetermined distance from the 3rd octanoyl group. The reason that the activity 
was maintained by replacement of the 2nd serine residue by 5-amlnopentanoic acid is that the basicity of the amino- 
terminal was increased by introducing its alkylamine structure. 

[0367] In summary, the amino group of amino-termlnal glycine residue is considered to confer basicity on the amino- 
terminal of ghrelln molecule, thus expressing the activity of ghrelln , and therefore the amino group at the amino-terminal 
55 is preferably not blocked. 

[0368] Further, the 2nd serine residue is considered to act as a spacer for separating the amino group at the amino- 
terminal by a predetennined distance from theSrd octanoyl group, and therefore the2nd serine residue may be replaced 
by an amino acid or non-amino acid compound having a relatively less bulky side chain. That Is, the position of the 
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octanoyi group in the ghrelin molecule is defined relative to the amino-temiinal amino group, and this positional rela- 
tionship constitutes a part of the active stmcture of ghrelin. 

[0369] That Is, the side chain of 2nd amino acid is preferably relatively less bulky such as in serine, alanine and 
norvaline rather than an amino acid having a bulky structure, and an amino acid residue not restricting the flexibility of 
5 neighboring residues is preferable as the 2nd amino acid. Further, because the Ca-releasing activity of N^-aminopen- 
tanoyl-ghrelln (3-7) amide is almost maintained (EC50 = 3.4 nM), 2nd serine can be replaced by a non-amino acid 
compound. 

(5) Optical activity of 3rd and 4th amino acid residues 

10 

[0370] On the basis of the structure of ghrelin (1-7) amide, its derivatives wherein 3rd L-serine and 4th L-phenyla- 
lanine had been replaced by the corresponding L-amino acids were prepared, and the influence which the configuration 
of 3rd and 4th amino acid have on the Ca-releasing activity was examined. Specifically, on the basis of [serine^ (octyl)]- 
ghrelin (1-7) amide (EG50 = 6.8 nM) [Compound 50 in Table 11] and [cysteine^ (octyl)]-ghrelin (1-7) amide (EC50 = 7.4 
nM) [Compound 48 In Table 11 ] which maintained a good activity, their derivatives wherein 3rd serine and 4th pheny- 
lalanine had been replaced by the corresponding L- or D-amino acids were prepared. 

[0371] The results are summarized in Table 11 . From these results, both 3rd and 4th amino acids are preferably L- 
amino acids. 

20 

Table 11 



Ghrelin derivative activity 8 



Compound 
structure 


Ca - releas ing 
activity 
EC 50 (nM) 


48. [Cys^(Ootyl) l-GHrelln (1-7) -amide 
H-Gly-Ser-Cys ( CeHi, ) -Phe-Leu-Ser-Pro-NHj 


7,4 


49, [Cys^(Ootyl), ^he'J-Glirelln (1-7) -amide 
H-Gly-Ser-Cys ( CsHit ) -^Phe-Leu-Ser-Pro-NHi 


3,000 


50. [Ser^(Ootyl)]-Glirelin (1.7)-amlde 

H - G ly- Ser - Ser ( CsHi7 ) - Phe - Leu - Ser - Pro - NHz 


5.8 


51. ISer'(Ootyl), *^lie*l -Glirelln {l-7)-amlde 
H-Gly-Ser-Ser ( CeHi7 ) -""Pne-Leu-Ser-Pro-NH, 


2,200 


52 . I*'Ser'(Ootyl) ] -Gbrella-( 1-7) -amide 
H-Gly-Ser-'^Ser(C8Hi7)-Plie-Leu-Ser-Pro-NH2 


>10,000 


53. I**Ser'(Oot:yl), '^he* J -Ghrelin (1-7) -amide 

H-Gly - Ser- "^Ser ( CaHii ) -'^he - Leu - Ser- Pro-NHi 


>10,000 



(6) Mode of linkage of a side chain at the 3rd position 

[0372] Derivatives of ghrelin wherein the original ester linkage was replaced by an ester in the reverse direction 
45 (Compound No. 54), an amide (Compound Nos. 55 and 56), a disulfide (Compound No. 57) and methylene (Compound 
No. 58) were prepared such that the side chain at the 3rd position became the same length as that of the ghrelin chain 
(-CH2-0-CO-C7H^5). In addition, ester derivatives having steric hindrance on the p-carbon atom of amino acid at the 
3rd position (Compound Nos. 59 and 60) and an amide derivative wherein 3 methylene units had been extended 
(Compound No. 61) were prepared. The results are summarized in Table 1 2. 

50 
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Table 12 



Ghirelln derivative activity 9 



Compound structure 


Activity 
EC50 (nM) 


54 • [Asp (O-Heptyl) J •nGnrelin 

GSD ( O-C7H13 ) FLSPEHQRVQQRKESKKPPAKLQPR 


5.1 


55. (A8p^(NH-Heptyl) ] -bGhreXin 

GSD ( NH- C7H15 ) FLSPEHQRVQQRKESKKPPAKLQPR 


11 


56 * [Dap^(Octanoyl) ] -liGlirelin 

GS-NH-^CH(CH2NHCO-C7Hi3 ) -CO-FLSPEHQRVQQRKESKKPPAKLQPR 


2.6 


57 . [ Cys' ( S -Heptyl ) ] -hGlirelin 

GSC ( S -C7H15 ) FLSPEHQRVQQRKESKKPPAKLQPR 


1.4 


58 • [Adod ] -hGhrelln 

GS-NH-CH ( n-CioHai ) -CO-FLSPEHQRVQQRKESKKPPAKLQPR 


0.91 


59. tTlur*(Octanoyl) 1 -IxGlurelin 

GST ( C6-C7H1S ) FLSPEHQRVQQRKESKKPPAKLQPR 


10 


60 • [Lea^, Thr^COotanoyl) ] -hGhrelln 
GLT ( CO- C7H15 ) FLSPEHQRVQQRKESKKPPAKLQPR 


46 


61 . [Ly8^(Octanoyl) ] -hGhrelln 

GSK ( CO-C7Hi5 ) FLSPEHQRVQQRKESKKPPAKLQPR 


32 



[0373] The activity of Compound 58, wherein the side chain at the 3rd position had been replaced by methylene 
units exclusively, showed the strongest activity (EC50 value = 1 nM or less). The activity of other derivatives was varied 
depending on the type of linkage, but it was confinned that the mode of linkage of a side chain of amino acid 3 does 
not exert a significant influence on the activrty. 

(7) Hydrophobicity of a side chain at the 3rd position 

[0374] Derivatives wherein Ser (octanoyi) group 3 had been replaced by a hydrophobic amino acid most of which 
are natural amino acids was prepared, and their activity was examined. The results are summarized in Table 13. 
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Table 13 



10, Activity of Ghrelin derivatives 



Compound 
Structure 


Activity 
ECso (nM) 


62 - [ Trp 1 -nGnrelxn 
GSWFLSPEHQRVQQRKESKKPPAKLQPR 


31 


63 . I Plie' ] -hGbrelin 
GSFFLSPEHQRVQQRKESKKPPAKLQPR 




64. [Cna*! -hGlurelin 

GS - Cha - FLSPEHQRVQQRKESKRPPAKLQPR 




65 . (2-'Tfal*l-liGhxelin 

GS- 4<al- FLSPEHQRVQQRKESKKPPAKIiQPR 


ft 9 


66. (2 -*lfal^ ] -hGhrelin 


>10,000 


67 • [ Ser^ ( Bzl ) ] -hGhrelin 

GSS ( CHa -CfiHs ) FLSPEHQRVQQRKESKKPPAKLQPR 


7.6 


68 . [ CyB" ( Trltyl ) 1 -hGhrelin 

GSC ( C-Phj ) FLSPEHQRVQQRKESKKPPAKLQPR 


20 


69 . [ Ser^ ( 4 -Methylj^nt anoyl ) 1 -hGhrelin 

czcz<i i CO- CH^CH^CH ( CH-, ) -» ) FLSPEHQRVQQRKESKKPPAKLQPR 


4.4 


70 « [Leu^] -hGhrelin 
GSLFLSPEHQRVQQRKESKKPPAKLQPR 


4,400 


71 . [ Ile^ 1 - hGhrelin 
GSIFLSPEHQRVQQRKESKKPPAKLQPR 


>10,000 


72 . ILys^ ] -hGhrelin 

GS K FLSPEHQRVQQRKESKKPPAKLQPR 


120 


73 . [Nle^] -hGhrelin 

GS - Nle - FLSPEHQRVQQRKESKKPPAKLQPR 


2,800 


74 . [ Val^ ] -hGhrelin 
GSVFLSPEHQRVQQRKESKKPPAKLQPR 


1,600 



[0375] The EC50 values of the derivatives having an aromatic hydrophobic amino acid such as tryptophan, cycl oh exy I 
alanine or naphthyl alanine at the 3rd position were 31 nM, 19 nM and 8.2 nM respectively, indicating that the Ca- 
releasing activity was maintained. Unexpectedly, when phenyl alanine was introduced at the 3rd position, the Ca- 
releasing activity was slightly low, but even if more hydrophobic Ser (Bzl) or Cys (Trityl) was introduced at the 3rd 
position, the Ca-releasing activity was similarly maintained, and thus it was confimned that the hydrophobiclty of the 
side chain at the 3nd position is more preferable for expressing the activity. 

[0376] On one hand, when an aliphatic hydrophobic amino acid such as leucine, isoleucine. norleucine or valine was 
introduced at the 3rd position, the Ca-releasing activity of the derivatives was generally maintained but slightly lower 
than the derivatives introducing the aromatic amino acid. The activity of Compound 73 having norleucine at the 3rd 
position was EC50 = 2,800 nM, whereas the activity of 6-amino-norleucine (lysine; Compound 72) having an amino 
group added to a side chain of norleucine was increased to 120 nM in temis of EC50 values, so it was confirmed that 
similar to the basicity of carboxyl-temiinal described above, the basicity of a side chain at the 3rd position is also 
preferable. 
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(8) Short-chain ghrelin derivatives 

[0377] As described above, it was found that a ghrelin fragment of amino-temiinal amino acids 1 to 4 shows significant 
activity and this activity is further increased by adding leucine at 5th position to said fragment; 3rd amino acid residue 
is preferably the one having a hydrophobic side chain; the activity is increased by introducing a basic residue; and 
amino acid residues 1 and 2 may be replaced by a non-amino acid compound having a 2-residue length, such as 5- 
amino acid. On the basis of these results, various short-chain ghrelin derivatives based on the amino-terrriinal region 
(1-5) were prepared as shown in Compound Nos. 76 to 87 In Tables 14 and 15. and their activities were examined. 
The results are summarized in Tables 14 and 15, 

[0378] Compound 80 is known (Ipamorerin; K. Raum et al.. Eur. J. of Endocrinol,, 139: 552^61 , 1998). 



Table 14 



Ghrelin derivative activity 11 



Compound structure 


Activity 
EC50 (nM) 


75* [Lys'l -Ghrelin (1-7) -amide 

H - Gly - Ser- Ser ( CO - C7H15 ) -Phe -Leu - Ser- Lys - NHj 


11 


76. 

[J^-Aminopentanoyl, Ser^(Ootyl), Lys^] -Ghrelin (S-^S) -amide 
NH2-(CH2)4-CO-Ser(C8Hi7)-Phe-Lys-NH2 


12 


77. [i/-Aminopentanoyl, "Ser^'COotyl) ,"Phe*, Lys'] 
-Ghrelin ( 3 - 5 ) - amide 

NHj- ( CHa ) 4-CO-^Ser ( CaHir ) -"^Phe-Lys -NH^ 


1,600 


78. [Alb*, Hia% Ser'' ( Ootyl ) , Lys -Ghrelin (l-5).amide 

H-Aib-His-Ser(CftHi7) -Phe-Lys-NHj 


34 


79. 

EAlb*, His', ^Ser'(Ootyl), ^he\ Lys'] -Ghrelin (1-5) -amide 
H-Aib-His-^Ser(CsHx7 ) -"Phe-Lys-NHa 


38 


80. CAlb*, His*, '^alS "'Phe*, Lys'J-Ghrelin (l-5)-amide 

H-Aib-His-'^al-'^Phe-Lys-NHa 


2.5 



[0379] Since the Ca-releasing activity of known Compound 80 was liigh (2.5 nM), the activity of Compound 79 derived 
from Compound 80 by replacing 2-D-naphthyi alanine at the 3rd position by D-octyl serine was also examined, and as 
a result, its EC50 value was 38 nM, indicating that the activity was maintained. Compound 77 having D-octyl serine 
and D-phenyl alanine at the 3rd and 4th positions, which has the same amino acid structure as that of Compound 79 
except for amino acids 1 and 2, showed a lower activity (1 ,600 nM), and these results indicates that the sequence or 
structure of amino acids 1 and 2 also affects the steric configuration of side chains of 3rd and 4th amino acids important 
for exhibiting the activity. 

[0380] That is, in the case where amino acids 1 and 2 were replaced by aminopentanoic acid, the activity was kept 
at 34 nM even if 2-D-naphthyl alanine at the 3rd position and D-phenyl alanine at the 4th position were replaced by 
their con-esponding L-amino acids (Compound 78), and thus the amino acid sequence (Gly-Ser) at the 1st to 2nd 
positions in ghrelin requires L configuration for amino acids 3 and 4, but even if amino acids 3 and 4 have D configuration, 
the activity is made significant by introducing another amino acid sequence such as Atb-His, It was also confirmed that 
regardless of L- or D-configuration at the 3rd and 4th positions, the activity is expressed by introduction of aminopen- 
tanoic acid at the 1st and 2nd positions. 
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Table 15 




5 


Ghrelln derivative activity 12 




10 


Compound 
Structure 


Activi 

ty 

BC50 
(nM) 


81. [isr-Amlnopentanoyl, Ser''(Ootyl) J -Ghrelln (3-5) -amide 
NH2- (Cn2}4"CO-seriCani7; -irne-iieu^nn2 


11 


15 


82 . I JV-Amlnopentanoyl , Ser'(Ootyl) 1 -Ghrelln 
{ 3 - 5 } -methylamlde 

NHa- { CH2 / 4-CO-ser I Ueni7 ^ -i:'xie-i-»ovi-nn ^*i3 


12 


20 


83 • 

[i^-Amlnopentanoyl, Ser^(Ootyl) 1 -Ghrelltt (3-5)-othylamlde 
NH2- (CH2)4"CO-ser(C«ni7) -pne-ijeu-wn-u2n5 


22 




84. [ JV-Amlnopont anoyl , Ser' ( Ootyl ) ] -Ghrelln 
( 3 - 5 ) -benzylamlde 

NH2" \ Cn2 } 4-Cv^-0©r\ ^8"17 / -lriie*iJtSU-nil- WXlj wfins 


98 


25 


85.1 AT- Amlnopen t anoyl , Sor* ( Ootyl ) 1 

-Ghrelln (3-5), amlnoethylamlde 

NH, - ( CHi ) 4-CO-Ser ( CeHi7 ) - Phe-Leu-NH- ( CHj ) a-NHj 


3.5 


30 


86. [jy-Amlnopentanoyl, Sejr'(Ootyl) , MePhe*, MeZ.en''] 
-Ghrelln (3-5) -amide 

mi «/r*u ^ -cr>-s«r^ CtiH,* WMePhe-MeLeu-NHi 


82 


35 


87 . ["Lett'] -hGhrelln 

GSS ( CO-C,Hx5 ) P -'*L - SPEHQRVQQRKESKKPPAKLQPR 


220 



[0381] Using [W^Aminopentanoyl, Ser^(Octyl)]-Ghrelin (3-5) based on the amino-temninal region (1 -5) of ghrelin, the 
40 correlation between activity and structure in the carboxyl-temriinal region was examined. The activity of its derivatives 
wherein carboxyl-terminal leucine at the 5th position had been modified with amide, methyl amide, ethyl amide or 
benzyl amide was maintained but tended to be decreased as shown by EC50 values of 11 nM, 12 nM, 22 nM and 98 
nM, respectively. On the other hand, by replacing ethyl amide by aminoethyl amide, the activity was increased as 
shown by an EC50 value of 3.5 nM, thus revealing that impartment of basicity to the carboxyl-temiinal of ghrelin molecule 
45 Is preferable. 

[0382] These various carboxyl-tenninal amide derivatives are useful compounds because of their resistance in vivo 
to decomposition with carboxy peptidases. Compound 86 (EC50 = 86 nM) containing N-methylamino acid is also an 
useful compound because of its resistance to the enzymes. 

so Example 12. GH releasing activity of ghrelin derivatives in rat 

(1) GH-releasing activity of various long-chain ghrelln derivatives in rat 

[0383] 18 nmol/kg Compound 17 ([Ser3(Octyl)]-hGhrelin), 30 nmol/kg Compound 18 ([Cys3(Octyl)]-rGhrelin), 100 
55 nmol/kg Compound 65 ([2-LNa|3]-hGhrel(n), or 18 nmol/kg Compound 1 5 ([Ser<^(3-Phenylproplnyl)]-hGhrelln) was ad- 
ministered rapidly and intravenously into IGS-SD strain rats (about 7-week-old) under anesthesia with Nembutal for 
each sample(n = 3). Fifteen minutes after administration, plasma was collected, and the concentration of GH in plasma 
was measured by radioimmunoassay (Biotrak/Amersham). Separately, 0.2 % bovine serum albumin (BSA)-physiolog- 
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ical saline. 6 nmol/kg tGhrelin and hGhrelin, or 80 nmol/kg Ipamorelin (Compound 80) was administered into other rats 
as the control, respectively, and the concentrations of GH in plasma in 1 5 minutes after administration were compared 
(Tor each sample, n = 3). 

[0384] The results are shown in Table 1 3. Compound 1 7 ([Ser^(Octyl)]-hGhrelln), Compound 1 8 ([Cys3(Octyl)]-rGh- 
relin) and Compound 15 ([Ser3(3.PhPr1)].hGhrelin) exhibited a strong GH-releasing activity, and the GH-releasinq ac- 
tivity of [2-LNa|3j-hGhrelin showed a good correlation with intracellular Ca-releasing activity. 



Table 16 

GH-releasing activity of various long-chain ghrelin derivatives 



10 



15 



20 



25 



30 



35 



40 



Coumpound 
administered 


EC^** value 
(nM) 


dose (v\tT\ci\/\cf\\ 


GH level in plasma in 15 min. after administration (ng/mL) 








Rati 


Rat 2 


Rats 


M±S,D. 


Physiological 
saline 






32 


52 


59 


49±12 


hGhrelin 

rGhrelin 

Ipamorelin 

(Coumpound 80) 

[Ser^(Octyl)]- 

hGhrelin 


1.3 
1.6 
2.6 

1.2 


6 
6 

80 
18 


1802 
2056 
377 

1626 


1613 
1082 
260 

1602 


2203 
1206 
1184 

1743 


1873±301 
1448±530 
607±503 

1657±75 


[Cys3(Octyl)]- 
hGhrelin 


5.4 


30 


2786 


2342 


2354 


2494±253 


[Ser3 

(phenylpropionyl)]- 
hGhrelin 


1.4 


18 


2119 


2078 


1581 


1926±299 


[2-Msial3]-hGhrelin 


8.2 


100 


1637 


1576 


1357 


1524±147 



(2) Change of GH in plasma by administration of (Cys3(Octyl)]-rat ghrelin 

[0385] After Compound 18 ([Cys(Octyl)]-rat Ghrelin) was intravenously administered in a dose of 5 ag/head into 
Wistar strain male rats (about 260 to 280 g) under anesthesia with Nembutal. GH released to blood was measured 
Physiological saline as the control and rat Ghrelin (6 jtg/head) were also administered and compared with Compound 

[0386] As shown in Tables 1 7 to 1 9. the GH secretioni>romoting activity of [Cys3{Octyl)]-rat Ghrelin was equivalent 

tTmTLTdeTtf .'S^^^^^ "I TT^ ^ °° '--«on 

time tended to prolong. The intracellular Ca-releasing activity of Compound 1 8 was 5.4 nM in temis of EC^. 



43 



SO 



SS 



BNSDOCID: <EP 1 187.«6A1_L> 
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Table 17 

Change of GH level in plasma by administration of 



[Cys^(Octyl ) I -rat ghrelin 



[Cys(C18) ■'1 








Time 








-rat ghrelin 








(roln) 








5 (ig/head 


0 


5 


10 


15 


20 


30 


60 


GH 


Rat 1 


377 


338 


687 


927 


900 


469 


98 


level 


Rat 2 


101 


294 


258 


300 


358 


245 


86 


In 

plasma 
(ng/mL) 


Rat 3 


59 


476 


949 


1229 


1417 


704 


133 


Rat 4 


33 


530 


959 


1451 


1299 


800 


220 


Rat 5 


32 


613 


1060 


1561 


1359 


726 


122 


Mean 




120 


450 


783 


1093 


1067 


589 


132 


±S.D. 




±146 


±133 


±324 


±506 


±445 


±229 


±53 



Table 18 

Change of GH level in plasma by administration of physiological 



saline 



Physiologic 








Time 


. (mln) 






al saline 


0 


5 


10 


15 


20 


30 


60 


GH 


Rat 1 


0 


88 


129 


133 


116 


107 


430 


level 


Rat 2 


204 


122 


118 


134 


128 


69 


36 


In 


Rat 3 


77 


0 


0 


0 


0 


0 


11 


plasma 


Rat 4 


0 


0 


0 


0 


48 


27 


110 


(ng/mL) 


Rat 5 


0 


0 


0 


0 


0 


0 


210 


Mean 




56 


42 


49 


53 


58 


41 


159 


±S.D. 




±89 


±58 


±67 


±73 


±61 


±47 


±170 



Table 19 



Change of GH level In plasma by administration of rat ghrelin 



Rat ghrelin 








Time 


(min) 






5 ixg/head 


0 


5 


10 


15 


20 


30 


60 


GH level 


Rat 1 


143 


186 


425 


405 


215 


56 


3 


In 


Rat 2 


10 


1396 


2028 


1566 


876 


242 


27 


plasma 
(ng/mL) 


Rat 3 


838 


163 


443 


681 


419 


120 


36 


Rat 4 


348 


556 


1387 


1469 


1293 


663 


100 




Rat 5 


0 


875 


1380 


1009 


1414 


452 


20 


Mean 




268 


635 


1133 


1026 


843 


306 


37 


±S.D. 




±348 


±517 


±690 


±498 


±525 


±250 


±37 
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Example 1 3. Increasing action of ghrelin on appetite 

(1) Appetite-increasing action by administration into ventricle 

[0387] Physiological saline containing rat ghrelin at various concentrations was administered at 8 : 45 a.m. into cer- 
ebral ventricles of male Wistar strain rats (16 to 20 animals per group) each weighing 300 to 325 g. As the control, 
ghrelin-free physiological saline was administered into ventricles. After administration, the rats were allowed feed ad 
libitum, and the amount of feed taken for 2 hours after administration was measured. As shown in Fig. 6, an increase 
in the amount of feed taken was observed in the rats administered SOpmol ghrelin intracerebroventrbulariy, and a 
dose-dependent increase in the amount of feed taken was observed in the rat administered 200 pmol and 500 pmol 
ghrelin, but the amount of feed taken was decreased in the rats administered 2nmol ghrelin. Usually, the rat takes feed 
at night, so that in the morning, the rat is on a full stomach and rarely takes feed (see the rat administered physiological 
saline as the control in Fig. 6), and thus the increase in the amount of taken feed by administrating ghrelin into cerebral 
ventricle indicates that ghrelin has an appetite-increasing action. 

(2) Appetite-increasing action by intravenous administration 

[0388] 50 ^g/kg rat ghrelin was intravenously administered Into tail veins in 9-month-old male SD (Sprague-Dawley) 
rals (5 animals) and Wister rats (4 animals), and the amount of feed taken for 2 hours after administration was measured 
(evaluated during 1 6 : 00 to 1 9 : 00 p.m.). As shown in Table 20. the amount of feed taken was evidently increased by 
intravenous administration of ghrelin, as compared with the amount of feed taken without administration of rat ghrelin, 
which was detennined using the same animal at the same hour on another day. That is. It was demonstrated that 
ghrelin has an appetite-increasing action even by intravenous administration. 



Table 20 







Amount of feed taken fa) 


strain 


Rat No. 


Administration 
of ghrelin 


No 

administration 
of ghrelin 


S-D 


1 


3.2 


2.2 




2 


3.7 


1.0 




3 

4 


3.2 

2.7 


0.1 
1.3 




5 


2.6 


0.8 




Mean 


3.1 


1.1 




S-D. 


0.4 


0.8 


Wister 


6 


2.3 


0.2 




7 


1.9 


1.4 




8 


1.6 


0.1 




9 


2.1 


0.3 




Mean 


2.0 


0.5 




S.D. 


0,3 


0.6 



Example 14. Enhancement of gastric functions by ghrelin 

[0389] To examine the effect of ghrelin on gastric functions, the following experiment was carried out. Male SD strain 
rats (7- to 8-week-old, weighing 200 to 280 g) were fasted for 20 hours or more and then used in the experiment. The 
rats were anesthetized by intraperitoneal administration of urethane (1 .25 g/kg) and kept warm using a warming pad 
and a wanning light. A tracheal canula was inserted, and the esophagus was ligated by silk thread, and each rat was 
subjected to the following operation in order to measure gastric acid secretion or gastric motility. In the experiment 
using conscious animal, the rat was subjected to the operation for measurement of gastric acid secretion or gastric 
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mobility under slight anesthesia by inhalation of ether. 

[0390] In the experiment for gastric acid secretion under anesthesia with urethane, the operation was conducted 
according to the method proposed by Ohno et al, [Ohno, T, et al., Jpn, J, Pharmacol. 43. 429-439 (1987)). Briefly, in 
the supine position the abdomen was incised and the stomach and duodenum were exposed. A polyethylene tube was 

5 inserted into a front part of the stomach to prepare acute stomach fistula. Another polyethylene tube was inserted into 
the stomach after cleaving the duodenum, and the sunrounding part of the pylorus was ligated and fixed. The inside 
of the stomach was infused with physiological saline which was adjusted to pH 7.0 in a reservoir and warmed at 37 
*»C. The flow rate was 1 .0 ml/min. The infusion fluid was adjusted to pH 7.0 by titration with 100 mM NaOH using a pH- 
fixlng unit (Hlranuma, Comitite-8). After it was confirmed that a basic amount of gastric acid secretion was stable, the 

10 test chemical was intravenously administered, and the rate of secretion of gastric acid was measured at Snninute 
intervals. Four rats were used in each group. 

[0391] In the experiment during arousal, the rat was subjected to the same operation under slight anesthesia by 
inhalation of ether, and then a small cut was made in the flank, and an infusion tube was taken out from the body. The 
exposed stomach and duodenum were put back in the abdomen, and the excised site was sutured, and the animal 
15 was fastened while lying on the back in a Ballman-type rat-fixing cage, and after it was confimried that the rat was 
recovered from anesthesia, the rat was subjected to the experiment. The esophagus was ligated, but a trachea canula 
was not inserted. 

[0392] The experiment for measurement of stomach motility under urethane anesthesia, a miniaturized balloon meth- 
od was used according to the method proposed by Takeuchi & Nobuhara [Takeuchi, K. and Nobuhara, Y, Digestive 

20 Diseases and Sciences 30 , 1181-1188 (1985)]. That is, a balloon filled with water and a supporting catheter were 
inserted into the stomach after cleavage of a front part of the stomach. It was fixed to lie on a gland of the stomach 
line, and one end of the catheter was connected to a pressure transducer (LPU-0. 1-350-0-11, fromNihon Kohoden 
Corporation). After it was confirmed that the gastric motility was stable, the test chemical was intravenously adminis- 
tered accumulatively at 60-minute inten/als. For the gastric motility, the amplitude of intemal pressure in the stomach 

25 and the number of shrinking reactions in shrinkage motility having an amplitude of 20 cm HgO or more were measured 
at 10-minute intervals. Four animals was used in each group. In the experiment using conscious animals, the rat was 
subjected to the same operation under light anesthesia by inhalation of ether, and after the excised site was sutured, 
the animal was fastened in the prone position in a Ballman-type rat-fixing cage. After it was confirmed that the rat was 
recovered from anesthesia, the animal was subjected to the experiment. 

30 [0393] Rat ghrelin and histamine dihydrochloride were dissolved in physiological saline and administered in a dose 
of 1 ml/kg Into tail vein. To examine whether the vagus nerve action Is involved In the action of ghrelin. atropine sulfate 
was subcutaneousty administered in 30 minutes before administration of ghrelin, or the cervical vagus nerve bundles 
were bilaterally cut off. To examine the involvement of histamine H2 receptor in the action of ghrelin, famotidine 
(Gastert© , produced by Yamanouchi Phamnaceutical Co., Ltd.) was subcutaneously administered 30 minutes before 

35 administration of ghrelin. The resuits are shown in mean±standard error. Statistical analysis was perfomned using 
Dunnett's multiple comparison tests. P value < 0.05 was judged to be statistically signrffcant. 

[0394] As shown in Fig. 7A and in Table 21, secretion of gastric acid was promoted In a dose-dependent manner 
upon intravenous administration of rat ghrelin in a dose of 0.8 to 20 ^Lg/kg into the rat under urethane anesthesia. 
[0395] In the rat under anesthesia, the spontaneous motility of stomach was hardly observed before administration 

40 of ghrelin. When rat ghrelin was intravenously administered in a dose of 0.8 to 20 ^g/kg into the rat in this condition, 
both the amplitude and frequency of gastric motility were promoted as shown in Fig. 8A & B and in Table 21. These 
reactions were observed immediately after administration of rat ghrelin. By administration of 20 ^g/kg, secretion of 
gastric acid was increased and reached to the maximum level within 20 minutes and gradually decreased for 90 minutes 
after administration. As shown in Fig. 7 A & B, the maximum reaction in the gastric acid secretion -promoting action by 

45 administration of 20 p-g/kg rat ghrelin was almost comparable to the reaction Induced by intravenous administration of 
3 mg/kg histamine. The action of promoting the amplitude of gastric motility reached the maximum reaction within 10 
minutes in any dose, and by administration of 20 ^ig/kg ghrelin, the action was gradually decreased until 50 minutes 
after administration. 

[0396] Further, as shown in Table 21 , the action of promoting gastric secretion induced by administration of 20 jtg/ 
50 kg rat ghrelin was inhibited almost completely by pretreatment with atropine or bilateral cervical vasotomy, but this 
action was not affected by pretreatment of subcutaneous administration of 1 mg/kg famotidine I.e. a histamine H2 
receptor antagonist Further, the action of promoting gastric motility induced by administration of rat ghrelin was com- 
pletely inhibited by pretreatment with atropine or bilateral cervical vagotomy. From these results, it was confinmed that 
the promoting action of ghrelin on gastric functions is not via histaminergic mechanism but via activation of vagus nerve 
55 system. 

[0397] By intravenous administration of rat ghrelin (4 and 20 jig/kg), secretion of gastric acid was promoted in the 
conscious rat in the same way as in the rat under urethane anesthesia. As compared with the rat under anesthesia, 
the conscious rat had spontaneous gastric motility before administration of the test chemrcal, and even in this condition 
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by administering 0.8 to 20 ^g/kg rat ghrelin into the rat, the gastric motility was promoted together with its amplitude 
and frequency. From the above result, it was confimned that by intravenous administration of ghrelin, promotion of 
gastric acid secretion and promotion of gastric motility occur not only in the anesthetized rat but also in the conscious rat. 



5 Table 21 





Treatment 


Gastric acid 
secretion (p, 
equivalent /60 min) 


Gastric motility 


10 








Frequency (times 
/eomin.) 


Amplitude (cm H2O 
/60 min.) 




Physiological saline 


17.6±1.2 


1 .3±1 .0 


1 .7±1.0 


15 


Rat ghrelin 


0.8 ng/kg i.v. 
injection 


24.5±2.2 


35.5+18.1 


6.7±4.4 






4M.g/kg i.v. injection 




60.8±25.6 


11.1±5.3 






20 jig/kg i.v. 
injection 


43.3±4.6 ri) 


100.5±20.4 (*1) 


21.8±2.5 CI) 


20 


Intravenous 
injection of 20 fig/kg 
rat ghrelin 


+ atropine 1 mg/kg 
subcutaneous 
administration 


26.1±3.9 {*2) 


ors) 


0(*3) 


25 




+removal of vagus 
nerve 


18.4±3.7 r3) 


ors) 


0C3) 




+ famotidine 1 mg/ 
kg subcutaneous 
administration 


43.0±4.2 


NT 


NT 


30 


Symbols in the table indicate: 

*1 , p<0.01 ; *2, p<0.05; and *3, p<0.01 

NT: Not tested. 



Example 15, Promoting action of ghrelin and ghrelin derivatives on cell growth 



[0398] To examine the action of administered ghrelin on promotion of cell growth, the following experiment was 
conducted. Twenty ng/kg of rat ghrelin or thioether-type rat ghrelin (Compound 1 8 [Cys3(octyl)]-hGhrelin) was admin- 
istered into tail veins of Wister male rats (7.5-week-old) respectively. Seventeen hours after administration, ^H-thymi- 
dine was administered into tail veins, and 1 hour thereafter, duodenum, jejunum and bone marrow were excised. The 
incorporation of ^H-thymidine to DNA fractions of these tissues was measured in order to examine the cell growth- 
promoting action of ghrelin and ghrelin derivatives. The tissues were cut thin and homogenized using a Polytron ho- 
mogenizer, and after centrifugation, the supernatant was precipitated with trichloroacetic acid to give a DNA fraction. 
The radioactivity of the DNA fraction was measured by a liquid scintillation counter. 

[0399] As shown in Table 22, the incorporation of ^H-thymidine into these tissues or organs was increased by intra- 
venous administration of rat ghrelin or thioether-type rat ghrelin, and it was thus confimned that ghrelin exhibits a cell 
growth-promoting action in duodenum, jejunum and bone marrow. 

[0400] The time course of the cell growth-promoting action after intravenous administration of ghrelin was similar to 
that after administration of GHRH (growth homrione releasing homrione), so it was considered that the cell growth- 
promoting action of ghrelin occurs via GH (growth homrione) secreted mainly from pituitary. It was considered that the 
regulation of GH secretion by ghrelin as a physiological factor is reasonable for organism regulation, and there are 
less adverse effects which could occur by GH administration. 



Table 22 







Comparative Example 


Rat ghrelin 


Thioether-type ghrelin 


55 


Bone marrow (in tissues) 


100.0 


141.7 


144.5 






±17.8% 


±30.1% 


±16.5% 
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Table 22 (continued) 





Comparative Example 


Rat ghrelln 


Thioether-type ghrelin 


Duodenunn (in DNA fraction) 


100.0 


136.0 


114.0 




±14.2% 


±17.8% 


±11.7% 


Jejununn (in DNA fraction) 


100.0 


159.0 


151.0 


±6.8 % 


±7.5% 


±23.6% 



N umerical values show the ratio (%) of incorporation of radioisotope relative to the mean (in triplicate) of the comparative 
example (i.e. the group given physiological saline). 

Example 1 6. Quantification of ghrelin by anti-ghrelin antibody 

[0401] Using antibodies raised against amino- and carboxyl-temninal rat ghrelin peptides as antigens, ghrelin in var- 
ious living tissues was quantified by radioimmunoassay (RIA). 

[0402] Rabbits were immunized with [C-Cys]-rat ghrelin [1-11] (rat ghrelin peptide of amino acids 1 to 11 from amino- 
temiinal having cysteine bound to the carboxyl-temninal thereof) and [C-Cys]-rat ghrelin [13-28] (rat ghrelin peptide of 
amino acids 1 3 to 28 from amino-temiinal having cysteine bound to the carboxyl-temninal thereof) as antigens, to form 
amino-terminal antibody (anti.[C-Cys]-rat ghrelin [1-11] antigen) and carboxyl-temninal antibody (anti-[C-Cys]-rat gh- 
relin [13-28] antigen) respectively 

[0403] As shown in Fig. 9a, the IC50 (50% inhibitory concentration) of rat ghrelin was 3.1 fmol in binding between 
radioisotope-labeled rat ghrelin and the amino-temninal antibody. This amino-temninal antibody, while showing 100 % 
cross-reactivity with chemically synthesized human ghrelin and rat ghrelin, showed only 0.3 % cross-reactivity with n- 
hexanoyi rat ghrelin wherein 3rd serine had been modified with n-hexanoyi group and 20 % cross-reactivity with n- 
decanoyl rat ghrelin wherein 3rd serine had been modified with n-decanoyl group. Further, the amino-terminal antibody 
did not react with ghrelin from which fatty acid had been released. 

[0404] The amino-temninal antibody showed similar affinity for rat ghrelin (28 amino acids), human ghrelin (28 amino 
acids) , and ghrelin-27 (ghrelin consisting of 27 amino acids) found in human and rat. Accordingly, it was conf inmed that 
the arnino-temiinal antibody specifically recognizes natural ghrelin wherein 3rd serine was modified with n-octanoyi 
group. 

[0405] As shown in Fig. 9b, natural rat ghrelin modified with n-octanoyI group and rat ghrelin modified by removing 
n-octanoyI from' the natural rat ghrelin showed a similar IC50 value of 44 fmol in binding between radioisotope-labeled 
rat ghrelin and the cartDoxyl-temiinal antibody. That is, it was confimned that the carboxyl-temninal antibody has the 
same affinity for ghrelin modified with fatty acid and for ghrelin from which fatty acid was released. 
[0406] These results revealed that in regard to ghrelins occurring in various tissues in a living body, ghrelin wherein 
3rd serine was modified with n-octanoyI group can be quantified by the amino-terminal antibody, while both ghrelin 
modified with fatty acid and ghrelin from which fatty acid was released can be quantified by the cartjoxyl-tenminai 
antibody. 

[0407] Table 23 shows the result of examination of the contents of fatty acid-modified ghrelin and the contents of 
both fatty acid-modified ghrelin and fatty acid-released ghrelin in various tissues in a living body. 



Table 23 



Tissues 


Amount of rat ghrelin reacting with antibody (fmol/mg tissues) 




C-RIA 


N-RIA 


Hypothalamus 


1 .8±0.3 


<0.05 


Pituitary 


8.5±3.1 


<0.06 


Thyroid 


3.5±2,0 


<0.05 


Mandible gland 


8.8±1 .3 


<0.05 


Thymus 


3.5±0.4 


<0.05 


Adrenal gland 


3.1±0.4 


<0.05 


Atrium 


2.3±0.2 


0.07±0.01 


Ventricle 


2.1±0.1 


<0.05 
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Table 23 (continued) 



Tissues 


Amount of rat ghrelin reacting with antibody (fmol/mg tissues) 


Aorta 


2.4±0.7 


0.14±0.03 


Lung 


3.1±0.4 


<0.05 


Liver 


2.8+0.5 


<0.05 


Pancreas 


2.6±0.6 


0.15±0.05 


Stomach 


1779.8±533.9 


377.31155.83 


Duodenunn 


106.7±7.3 


20.5710.69 


Jejunum 


60.2+17.2 


10.7315.44 


Ileum 


20.5±5.1 


0.1610.08 


Cecum 


15.112.5 


1 .70+5.44 


Colon 


10.4±0.7 


<0.05 


Kidney 


5,4±0.3 


<0.05 


Spermary 


2.8±0,2 


<0.05 


Plasma (1 mL) 


219.6171 .8 


4.02+1.91 



[0408] In the table, C-RIA indicates the result of quantification by radioimmunoassay using the carboxyl-terminal 
2s antibody, while N-RIA indicates the result of quantification by the amino-terminal antibody. 
[0409] The numerical values in the table indicate "meamstandard deviation". 

Example 17. Production of rat ghrelin (1-28) by a semi-synthesis method 

Synthesis scheme 

[041 0] In this example, rGhrelin was produced from rGhrelin (6-28) and Ghrelin (1 -7) fragments previously prepared 
by genetic engineering method and chemical synthesis respectively, as follows. 

[0411] Specifically, p-galactosidase 97S-(QFE-SRHRR)-rGhrelin (6-28), that is. a fusion protein of p-galactosidase 
35 97S and rGhrelin (6-28) between which an amino acid sequence (-QFE-SRHRR-) having a site cleaved by V8 protease 
and Kexll protease occurred was expressed in E. colt. This fusion protein was treated with V8 protease, to cut off 
SRHRR rGhrelin (6-28). Then, all amino groups of SRHRR rGhrelin (6-28) were protected with Boc groups, and the 
resulting peptide was treated with Kexll protease, to give [Lys(Boc)ii • 16. 19. 20. 24].rGhrelin (6-28) from which the amino- 
terminal amino group of Ser 6 had been isolated. This protected fragment was condensed with [N°^Boc]-rGhrelln (1 -5) 
-Osu obtained by chemical synthesis, and the resulting [Lys(Boc)ii."»6.i9.20.24j.rGhrelin was treated with an acid, 
whereby rGhrelin was produced. 

[0412] In this example, semi-synthesis of rGhrelin was described, but hGhrelin can also be synthesized by this meth- 
od. 

[0413] Further, in this example, fragment (1-5) was condensed with fragment (6-28), but chemically synthesized 
45 amino-temainal fragments (1 -2), (1 -3) and (1 -7) can be condensed respectively with carboxyl-terminal fragments (3-28), 
(4-28) and (8-28) of an arbitrary length consisting of amino acids at the 28th position up to the 3rd position constructed 
by genetic engineering means, in order to produce ghrelin as a fusion protein. To reduce the number of steps in chemical 
synthesis, the condensation between (1-2) and (3-28) or between (1-3) and (4-28) is advantageous. From the viewpoint 
of complete prevention of the racemization caused by condensation, the condensation between (1-7) and (8-28) by 
using Pro 7 is particularly preferable. 

Construction of expression vector pG97s rGR and expression of ghrelin (6-28) as a fusion protein 

[0414] On the basis of the nucleotide sequence of rat ghrelin cDNA, a DNA fragment for rGhrelin (6-28) having an 
55 amino acid sequence QFE-SRHRR in the prepro region was obtained by annealing using a total synthetic oligomer 
[0415] To insert this DNA fragment into pG97SnPPH34 (JP-A 9-296000), pG97SnPPH34 was treated with Sail and 
Smal thereby deleting its human parathyroid homrione precursor gene. The product was treated with alkali phosphatase 
and ligated by T4 ligase to the rGhrelin derivative gene fragment previously treated with Sail and kinase. The ligated 
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plasmid was transformed into E. coU DH5a strain, to give plasmid pG97s rGR. 

[0416] The resulting plasmid pG97s rGR was transformed Into E. coli M25 (ompl), and the resulting transfonmant 
was cultured onto 3 dishes each containing 200 ml Terrific broth liquid medium (1 .2 % trypton. 2.4 % yeast extract, 0.4 
% glucose) and cultured under shaking at 37 *»C. When the concentration (ODego) of the bacterial cell reached 0.8. 
5 isopropyl 1 -thio-p-D-galactopyranoside (IPTG) was added thereto at afinal concentration of 2 mM. to express rGhrelin 
(6-28) fusion protein. Further, the bacterial cell was cultured for 4 hours and then collected by centrifugation. The 
structure of rGhrelin (6-28) fusion protein Is as follows: 

rGhrelin 6-28 fusion protein: (p-Galactosidase-97S)-QFE-SRHRR rGhrelin (6-28) 
10 Processing of rGhrelin 6-28 fusion protein and purification of [SRHRR]-rGhrelin (6-28) 

[0417] 20 ml of the resulting bacterial cell was suspended in TE buffer and the bacterial cell was disrupted by a 
French press. Thereafter, the inclusion body was collected by centrifugation at 3000 rpm for 15 minutes, suspended 
again in 1 0 ml TE buffer and deioni2ed water, and centrifuged whereby the inclusion body was washed. The inclusion 

15 body was diluted with deionized water such that its ODeeo was reduced to 50.0, and Tris-HCI (pH 8.2) was added 
thereto at afinal concentration of 50 mM, and the inclusion body was dissolved in urea (final concentration: 3.5 M). To 
this solution kept at 30 «C was added rV8 protease derivative V8D5 (abbreviated hereinafter to V8D5) (JP-A9-47291 ) 
at a final concentration of 1 0 jig/ml. and the solution was treated with the enzyme at 30 ''C for 20 minutes. The reaction 
was terminated by adding 3 % acetic acid (AcOH). 

20 [041 8] 1 .5-fold excess deionized water was added to the V8D5 enzyme reaction-temninated solution containing the 
[SRHRRJ-rGhrelin (6-28), then this solution was adjusted to pH 5.0 with 5N NaOH, to precipitate the p-galactosidase 
derivative fragment which was then removed by centrifugation at 6000 rpm for 1 0 minutes. 

[0419] The supematant containing [SRHRRJ-rGhrelin (6-28) was applied to TSK-ODS 80Ts column (resin particle 
diameter of 20 Jim, 50 mm I.D.xlOO mm, TOSOH Co.,Ltd.) previously equilibrated with 0.1 %TFA.The desired peptide 
25 was eluted by a linear gradient of from 100% buffer A [0.8 ml/min., 1 % acetonitrile. 0.1 % TFA] to 1 00 % buffer B [50 
% acetonitrile, 0.095 % TFA], which was programmed to be finished in a volume of 5 columns. Fractions containing 
the desired peptide [SRHRRJ-rGhrelin (6-28) were collected (about 50 mg). 



30 



Purification of [Boc-SRHRRHLys(Boc)ii. ^6. 19. 20. 24].rGhrelin (6-28) 



[0420] 6-equivalent mole (19.2 mg, 6x15 ^mol) of di-t-butyl bicarbonate was added to 50 % aqueous acetonitrile 
solution containing about 50 mg (15 M.mol) of [SRHRRJ-rGhrelin (6-28), then adjusted to pH 9 with triethylamine. and 
left at room temperature for 1 5 minutes. Acetic acid was added at a final concentration of 0.5 % to the reaction solution, 
and after the acetonitrile was evaporated, the solution was added to EMPORE-Octyi (C8) HD 4 mnn/1 ml cartridge 
35 previously equilibrated with 1 0 % acetonitrile containing 0.1 % TFA, and after the column was washed with the equili- 
bration solution, [Boc-SRHRR]-[Lys(Boc)ii.i6.'»9.20.24].rGhrelin (6-28) was eluted with 90 % acetonitrile containing 
0.095 %TFA. The acetonitrile was evaporated, and 6 ml solution containing about 30 mg of the desired peptide was 
obtained. 

[0421] Mass spectrometry indicated mainly two peptides whose molecular weight after Boc modrf jcation was higher 
40 by 500 (determined molecular weight. 3895) or by 600 (detemnined molecular weight, 3995) than the molecular weight 
(determined molecular weight = 3396, theoretical molecular weight = 3398) before Boc modification. 

Cleavage of [Lys(Boc)i^' is. i9.20.24j.rQhrei(n (6-28) by Kex2 protease and purification thereof. 

45 [0422] A calcium chloride solution and Tris-HCI. pH 8.2, were added at final concentrations of 0.3 mM and 20 mM 
respectively to the resulting aqueous solution of [Boc-SRHRR]-[Lys(Boc)ii . is. 19, 20. 24].rGhrelin (6-28) (30 mg, 6 mL). 
After a solution of Kex2 protease (JP-A 1 0-229884) was added thereto at a concentration of 1 x 1 0S units/ml, the sample 
was treated with the protease at 30 **C for 60 minutes. 

[0423] In HPLC, a peak of [Boc-SRHRRl-[Lys(Boc)i^. -le. 19.20. 24).rGhrelin (6-28) disappeared, a pealc of [Lys 
so (Boc)" . 20. 24].rGhrelin(6-2B) was shifted toward the side of hydrophobicity, and a peak of a hydrophilk: fragment 
corresponding to Boc-SRHRR was observed. 

[0424] After the disappearance of the starting material was confimned, the reaction solution was adjusted to pH 3.5 
with aqueous acetic acid and applied to reversed-phase chromatography column ODS-80Ts (column volume of 1 .66 
cc, resin particle diameter 20 ^Jn, TOSOH Co.,Ltd.) previously equilibrated with 1 .0% acetonitrile containing 1 % acetic 
55 acid. After the column was washed with the equilibration solution in a volume of 5 columns, [Lys(Boc)ii* ""S- "i®' 20. 24]. 
rGhrelin (6-28) was eluted by a linear gradient of from 1 .0 % acetonitrile to 90.0 % acetonitrile each containing 1 % 
acetic acid, which was programmed to be finished in a volume of 5 columns. Main fractions were lyophilized to give 
6.2 mg of the desired protected peptide. 
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Fragment condensation and de-protection 

[0425] Triethylamine (51 .0 ^il 0,366 mmol) and a solution of di-t-butyl bicarbonate (78.0 mg, 0.0356 mmol) in TFE 
(4.00 ml) were added respectively to a solution of Ghrelin (1-5) (190 mg. 0.0301 mmol, Compound31) in trifluoroethanol 
(TFE) (6.00 ml) and stirred at room temperature for 13 hours. The solvent was evaporated, and ether (20 0 ml) was 
added to the resulting residues, whereby 180.5 mg [A/»-Boc]-rGhrelin (1-5) was obtained. 

[0426] Then, HOSu (5.20 mg, 0.0452 mmol) was added to a solution of [/NA^-Boc]-rGhrelin (1-5) (22 0 mg 0 0301 
mmol) in DMF (1 .00 ml), and DIPCI (7.30 ^il, 0,0466 mmol) was added thereto in a bath at -30 -C. After the mixture 
was stirred in the bath at -30 ^'C for 1 hour and then at room temperature for 18 hours, the solvent was evaporated 
and the resulting residues were converted into powder with ether to give 14.1 mg [A/« -Bocl-rGhrelin {1-5)-OSu as a 
succinimide ester of [Af « -Boc]-rGhrelin (1-5). 

[0427] Then, [AA^BocJ-rGhrelin (1-5)-OSu (3.3 mg. 3.96 ^tmol) and triethylamine (2.6 ^il, 1 7,9 umol) were added to 
a solution in DMF (0.6 ml) of [Lys(Boc)ii .16. i9. 20. 24j.^hrelin (6-28) (6.1 0 mg. 2. 1 8 ^mol) prepared by the recombinant 
method and stin-ed at room temperature for 24 hours. The solvent was evaporated, and TFA (2.00 ml) was added 
directly to the resulting residues under cooling on ice and stirred at room temperature for 1 .5 hours. The TFA was 
evaporated, and ether was added to the residues, whereby 6.2 mg crude peptide containing Ghrelin (1-28) was ob- 
tained. ' 

[0428] This product was dissolved in 2 ml of 5 % acetic acid (AcOH) and applied to YMC-Pack-ODS-A (5 ^m 20 
mmx250 mm) and eluted by a linear gradient (flow rate: 1 0 ml/min .) of from 0 to 95 % acetonitrlle in 0. 1 % trtf luoroac'etic 
acid for 60 minutes. The desired fractions were collected, lyophillzed, applied to YMC-Pack PROTEIN-RP {C4 10 
mmx250 mm) and eluted by a linear gradient (flow rate: 4.7 ml/min.) of from 7.5 to 21 .3 % acetonitrile in 0.1% trifluor- 
oacetic acid for 30 minutes. 

[0429] The desired fractions were collected, lyophilized and applied to YMC-Pack PROTEIN-RP (C4 10 mmx250 
mm) and eluted by a linear gradient (flow rate: 4.7 ml/min.) of from 7.5 to 21 .3% acetonitrile in 0.1 % trifluoroacetic acid 
for 30 minutes. The desired fractions were collected and lyophilized to give 2. 1 mg rGhrelin (1 -28). This product showed 
a retention time agreeing with that of standard rGhrelin (1-28) in analytical HPLC, and had an intracellular Ca-releasinq 
activity of EC5o=1 .5 nM which was equivalent to natural ghrelin. 

ESI-MS 3315,0 (theoretical: 3314,8). amino acid composition: Ser: 3.74 (4), Gbc; 5.69 (6) Gly 1 18 (1) Ala* 2 05 (2) 
Leu; 2. Phe; 0.98 (1). Lys; 4.98 (5). His; 1 .03(1), Arg; 1 .96 (2), Pro; 4.01 (4) ' - • • v /, 

Compound 87 pleu^J-rGhrelin (1-28) 

[0430] As a by product in succinimide esterification of [N^ -Boc]-rGhrelin (1-5) or condensation of the fragments 0 8 
mg pieuSj-rGhrehn (1 -28) was obtained. Its intracellular Ca-releasing activity was EC50 = 220 nM. 
ESI-MS 3315.0 (theoretical: 3314.8), amino acid composition: Ser: 3.80 (4), Gbc; 5.92 (6) Glv 1 23 m Ala- 2 07 (0\ 
Leu; 2, Phe; 0.97 (1), Lys; 4.92 (5), His; 1.02 (1), Arg; 1.97 (2), Pro; 4.11 (4) ^ ^' 

GC-MS analysis of leucine after hydrolysis in DgO/DCI: L-Leu; 1 .17 (1), D-Leu; 0.83 (1) 

Industrial Applicability 

[0431 ] By administering the new peptide-type compound of the present invention or a pharmaceutically acceptable 
salt thereof into humans or animals, it demonstrates an excellent working effect as a pharmaceutical preparation for 
promoting growth of children and ameliorating the defect of metabolic functions caused by GH deficiency by inducing 
GH secretion without causing substantial side effects, and its antibody demonstrates an excellent working effect as an 
agent for diagnosis of diseases attributable to GH deficiency and as a research tool in the field of science 
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SEQUENCE LISTING 

<110> KANGAWA, Kenjl 

<120> Novel Peptides 

<I30> DS03F216(EP) 

<150> JP 1999/210002 
<151> 1999-7-23 

<150> JP 1999/338841 
<151> 1999-11-29 

<150> JP 2000/126623 
<151> 2000-4-26 

<160> 39 

<210> 1 
<211> 7 
<212> PRT 

<213> Artificial Sequence 

<223> Amino acid sequence for a core region of endogenous 

peptides of growth hormone secretagogue 

<400>1 

Gly Ser Ser Phe Leu Ser Pro 
1 5 

<210> 2 
<211> 28 
<212> PRT 

<213> Rattus norvegicus 

<223> Amino acid sequence for rat endogenous peptides of growth 
hormone secretagogue 
<400> 2 



.1197496A1J_> 
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Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys 

15 10 15 

Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 

<210> 3 
<211> 28 
<212> PRT 
<213> Homo sapiens 

<223> Amino acid sequence for human endogenous peptides of 
growth hormone secretagogrue 
. <400>3 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys 
20 t 5 10 15 

Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 



10 



15 



25 



30 



35 



<210> 4 
<211> 117 
<212> PRT 

<213> Rattus norvegicus 

<223> Am±no acid sequence for a prepro-form of rat endogenous 
peptides of growth hormone secretagogue 
<400>4 

Met Val Ser Ser Ala Thr He Cys Ser Leu Leu Leu Leu Ser Met Leu 

1 5 10 15 

Trp Met Asp Met Ala Met Ala Gly Ser Ser Phe teu Ser Pro Glu His 

20 25 30 

Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu 
35 40 45 

45 Gin Pro Arg Ala Leu Glu Gly Trp Leu His Pro Glu Asp Arg Gly Gin 
50 55 eo 

Ala Glu Glu Ala Glu Glu Glu Leu Glu He Arg Phe Asn Ala Pro Phe 



40 



50 



55 



^5 70 75 80 

Asp Val Gly He Lys Leu Ser Gly Ala Gin Tyr Gin Gin His Gly Arg 

85 90 95 

Ala Leu Gly Lys Phe Leu Gin Asp He Leu Trp Glu Glu Val Lys Glu 
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100 105 110 

Ala Pro Ala Asn Lys 
115 

<210> 5 

<211> 117 

<212> PRT 

<213> Homo sapiens 

<223> Amino acid sequence for prepro-foirm of human endogenous 
peptides of growth hormone secretagogue 
<400> 5 - 

Met Pro Ser Pro Gly Thr Val Cys Sor Leu 
15 10 
Trp Leu Asp Leu Ala Met Ala Gly Ser Ser 

20 25 
Gin Arg Val Gin Gin Arg Lys Glu Ser Lys 

35 40 
Gin Pro Arg Ala Leu Ala Gly Trp Leu Arg 

50 55 
Ala Glu Gly Ala Glu Asp Glu Leu Glu Val 
65 70 

Asp Val Gly lie Lys Leu Ser Gly Val Gin 
85 90 
Ala Leu Gly Lys Phe Leu Gin Asp lie Leu 

100 105 
Ala Pro Ala Asp Lys 
115 

<210> 6 
<211> 501 
<212> cDNA 

<213> Rat t us norvegicus 
<220> 
<221> CDS 

<222> (31). ..(381) 
<223> Base sequence of cDNA coding prepro-f orra of rat endogenous 



Leu Leu Leu Gly Met Leu 
15 

Phe Leu Ser Pro Glu His 
30 

Lys Pro Pro Ala Lys Leu 
45 

Fro Glu Asp Gly Gly Gin 
60 

Arg Phe Asn Ala Pro Phe 
75 80 
Tyr Gin Gin His Ser Gin 
95 

Trp Glu Glu Ala Lys Glu 
110 
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peptides of growth hormone secretagogue 
<400> 6 

tccaga^cat ctgtcctcac caccaaggcc atg gtg tct tea gcg act 48 

Met Val Ser Ser Ala Thr 
1 5 
ate tgc agt ttg eta etc etc age atg etc tgg atg gac atg gee atg 96 
lie Cys Ser Leu Leu Leu Leu Ser Met Leu Trp Met Asp Met Ala Met 

10 15 20 

gca ggt tec age ttc ttg age cca gag cac cag aaa gcc eag cag aga 144 
Ala Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg 

25 30 — 35 - 

aag gaa tec aag aag cca cca get aaa ctg cag cca cga get ctg gaa 192 
Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg Ala Leu Glu 

40 45 50 

ggc tgg etc cac cca gag gac aga gga caa gca gaa gag gca gag gag 240 
Gly Trp Leu His Pro Glu Asp Arg Gly Gin Ala Glu Glu Ala Glu Glu 
55 60 65 70 

gag ctg gaa ate agg ttc aat get ccc ttc gat gtt ggc ate aag ctg 288 
Glu Leu Glu lie Arg Phe Asn Ala Pro Phe Asp Val Gly He Lys Leu 

75 80 85 

tea gga get cag tac eag cag cat ggc egg gee ctg gga aag ttt ctt 336 
Ser Gly Ala Gin Tyr Gin Gin His Gly Arg Ala Leu Gly Lys Phe Leu 

^0 95 100 

cag gat ate etc tgg gaa gag gte aaa gag gcg cca get aac aag 381 
Gin Asp He Leu Trp Glu Glu Val Lys Glu Ala Pro Ala Asn Lys 

105 110 115 

taaccactga caggactggt ccctgtactt tcctcctaag caagaactea catccagctt 441 
ctgectectc tgcaactcee ageactctcc tgetgactta caaataaatg ttcaagctgt 501 

<210> 7 

<211> 511 

<212> DNA 

<220> 

<221> CDS 

<222> (34). •,(384) 

<213> Homo sapiens 
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<223> Base sequence of cDNA coding prepro-form of hviman 

endogenous peptides of growth normone secretagogue 

<400>7 

gcaggcccac ctgtctgcaa cccagctgag gcc atg ccc tec oca 45 

Met Pro Ser Pro 
1 

ggg acc gtc tgc age etc ctg etc etc gge atg etc tgg ctg gac ttg 93 
Gly Tlir Val Cys Ser Leu Leu Leu Leu Gly Met Leu Trp Leu Asp Leu 
5 10 15 20 

gee atg gea 99c tec age tte ct9 age cet gaa cac cag aga gtc cag 141 
Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu His Gin Arg Val Gin 

25 30 35 

cag aga aag gag teg aag aag eca oca gee aag ctg cag ccc cga get 189 
Gin Arg Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg Ala 

40 45 50 

Ota gea gge tgg etc cgc ccg gaa gat gga ggt caa gca gaa ggg gea 237 
Leu Ala Gly Trp Leu Arg Pro Glu Asp Gly Gly Gin Ala Glu Gly Ala 

55 60 65 

gag gat gaa ctg gaa gtc egg ttc aac gee ccc ttt gat gtt gga ate 285 
Glu Asp Glu Leu Glu Val Arg Phe Asn Ala Pro Phe Asp Val Gly lie 

70 75 80 

aag ctg tea ggg gtt cag tac cag cag cac, age cag gcc ctg ggg aag 333 
Lys Leu Ser Gly Val Gin Tyr Gin Gin His Ser Gin Ala Leu Gly Lys 
85 90 95 100 

ttt ctt cag gac ate etc tgg gaa gag gcc aaa gag gcc cca gcc gac 381 
Phe Leu Gin Asp He Leu Trp Glu Glu Ala Lys Glu Ala Pro Ala Asp 

105 110 115 

aag tgatcgccca caagccttac tcacctctct etaagtttag aagegctcat 434 
Lys 

ctggcttttc gcttgcttet geagcaactc ccacgactgt tgtacaagct caggaggega 494 
ataaatgttc aaactgt 511 

<210> 8 
<211> 4 
<212> PRT 
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<213> Artificial Sequence 

<223> Amino acid sequence for a core region of endogenous 
peptides of growth hormone secretagogue 
<400> 8 
Gly Ser Ser Phe 
1 

<210> 9 

<211> 10 

<212> PRT 
-<213> Artificial Sequence - - 

<223> Amino acid sequence for a core region of endogenous 
peptides of growth hormone secretagogue 
<400> 9 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin 
15 10 

<210> 10 
<2H> 27 
<212> PRT 

<213> Rattus norvegicus 

<223> Amino acid sequence for rat endogenous peptides (27 amino 
acids) of growth hormone secretagogue 
<400> 10 

Gly ser Ser Phe Leu Ser Pro Glu His Gin Lys Ala Gin Arg Lys Glu 

15 10 15 

Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 

<210> 11 
<211> 27 
<212> PRT 

<213> Homo sapiens 

<223> Amino add sequence for human endogenous peptides (27 
amino acids )o£ growth hormone secretagogue 
<400> 11 
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Gly Ser Ser Phe Leu Ser Pro Glu His Gin Arg Val Gin Arg Lys Glu 

1 5 10 

Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 

<210> 12 
<211> 116 
<212> PRT 

<213> Rattus norveglcus 

<223> Amino acid sequence for a prepro-form of rat endogenous 
peptides (27 amino acids) of growth hormone secretagogue— 

<400> 12 

Met val Ser Ser Ala Thr lie Cys Ser Leu Leu Leu Leu Ser Met Leu 

15 10 15 

Trp Met Asp Met Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu His 

20 25 30 

Gin Lys Ala Gin Arg Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin 

35 40 45 

Pro Arg Ala Leu Glu Gly Trp Leu His Pro Glu Asp Arg Gly Gin Ala 

50 55 60 

Glu Glu Ala Glu Glu Glu Leu Glu lie Arg Phe Asn Ala Pro Phe Asp 

65 70 75 80 

Val Gly lie Lys Leu Ser Gly Ala Gin Tyr Gin Gin His Gly Arg Ala 

85 90 95 

Leu Gly Lys Phe Leu Gin Asp lie Leu Trp Glu Glu Val Lys Glu Ala 

100 105 110 

Pro Ala Asn Lys 
115 

<210> 13 

<211> 116 

<212> PRT 

<213> Homo sapiens 

<223> Amino acid sequence for prepro-form of human endogenous 
peptides (27 amino acids) of growth hormone secretagogue 
<400> 13 
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Met Pro Ser Pro Gly Thr Val Cys Ser Leu Leu Leu Leu Gly Met Leu 

^5 10 15 

Trp Leu Asp Leu Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu His 

20 25 30 

Gin Arg Val Gin Arg Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin 

35 40 45 

Pro Arg Ala Leu Ala Gly Trp Leu Arg Pro Glu Asp Gly Gly Gin Ala 

50 55 60 

Glu Gly Ala Glu Asp Glu Leu Glu Val Arg Phe Asn Ala Pro Phe Asp 
« 70 75 80 

Val Gly lie Lys Leu Ser Gly Val Gin Tyr Gin Gin His Ser Gin Ala 

85 90 95 

Leu Gly Lys Phe Leu Gin Asp He Leu Trp Glu Glu Ala Lys Glu Ala 

100 105 110 

Pro Ala Asp Lys 
115 



<210> 14 
<211> 498 

30 

<212> cDNA 

<213> Rattus norveg±cus 

<220> 

<221> CDS 

<222> (31)... (378) 

<223> Base sequence of cDNA coding prepro-f orro of rat endogenous 
peptides (27 amino acids) of growth hormone secretagogue 
<400> 14 

tccagatcat ctgtcctcac caccaaggcc atg gtg tct tea gcg act 48 

Met Val Ser Ser Ala Thr 

1 5 

ate tgc agt ttg eta etc etc age atg etc tgg atg gae atg gee atg 96 
He Cys Ser Leu Leu Leu Leu Ser Met Leu Trp Met Asp Met Ala Met 

10 15 20 

gca ggt tec age tte ttg age cca gag cac cag aaa gee cag aga aag 144 
Ala Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Ala Gin Arg Lys 
55 25 30 35 
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gaa tec aag aag cca cca get. aaa ctg. cag cca cga get ctg gaa ggc 192 
Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg Ala Leu Glu Gly 

,40 . 45 50 

tgg etc cac cca gag gac aga gga caa gca gaa gag gca gag gag gag 240 
Trp Leu His Pro Glu Asp Arg Gly Gin Ala Glu Glu Ala Glu Glu Glu 
. 55 . 60 65 70 

ctg gaa ate agg -ttc aat gct-.ccc ttc gat gtt ggc ate aag ctg tea 288 
Leu Glu lie Arg Phe Asn Ala Pro Phe Asp Val Gly He Lys Leu Ser 

75 . - - 80 85 

gga get cag tac cag cag cat ggc egg gee ctg gga aag ttt ctt -cag 336 
Gly Ala Gin Tyr Gin Gin His Gly Arg Ala Leu Gly Lys Phe -Leu Gin 

. ' 90 - v^ - - . 95. 100 

gat ate etc tgg ga* gag gtc aaa gag gcg cca get aac aag 378 
Asp He Leu Trp Glu Glu Vai Lys Glu Ala Pro Ala Asn Lys 

105 -. . 110 115 

taaccaetga caggactggt ccctgtactt tcptcctaag caagaactca oatccagctt 438 
ctgcctcctc tgcaactccc agcactctcc tgctgactta caaataaatg ttcaagctgt 498 

<210> 15 

<-211> 508 - • • ; 

<212> DNA 
<220> 
<221> CDS 

<222> (34)... (381) 
<213> Homo sapiens 

<223> Base sequence of cDNA coding prepro-forna of human 
endogenous peptides (27 amino acids) of growth hormone 
secretagogue 
<400> 15 

gcaggccoac ctgtctgcaa cccagctgag gee atg ccc tec cca 45 

Met Pro Ser Pro 
1 

ggg acc gtc tgc age etc ctg etc etc ggc atg etc tgg ctg gac ttg 93 
Gly Thr val Cys Ser Leu Leu Leu Leu Gly Met Leu Trp Leu Asp Leu 
5 10 15 20 

gcc atg gca ggc tec age ttc ctg age cct gaa eac cag aga gtc cag 141 
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Ala Met Ala Gly Ser Ser Phe Lou Ser Pro Glu His Gin Arg Val Gin 

25 30 35 

aga aag gag teg aag aag oca cca gcc aag ctg cag ccc oga get eta 189 
Arg Lys Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg Ala Leu 

*° 45 50 

gca ggc tgg etc cge cog gaa gat gga ggt caa gca gaa ggg gca gag 237 
Ala Gly Trp Leu Arg Pro Glu Asp Gly Gly Gin Ala Glu Gly Ala Glu 

55 60 65 

gat gaa ctg gaa gte egg ttc aac gcc ccc ttt gat gtt gga ate aag 285 
Asp Glu Leu Glu Val Arg Phe Asn Ala Pro Phe Asp Val Gly lie Lys 

'0 75 80 

ctg tea ggg gtt cag tac eag cag cac age cag gcc ctg ggg aag ttt 333 
Leu Ser Gly Val Gin Tyr Gin Gin His Ser Gin Ala Leu Gly Lys Phe 

100 

ett eag gae ate etc tgg gaa gag gcc aaa gag gcc cca gcc gae aag 381 
Leu Gin Asp He Leu Trp Glu Glu Ala Lys Glu Ala Pro Ala Asp Lys 

105 110 
tgatcgccca caagcettac tcacctctct ctaagtttag aagogctcat 431 

ctggcttttc gcttgcttct geageaacte ceaegactgt tgtacaagct caggaggega 491 
ataaatgttc aaactgt 

508 

<210> 16 
<211> 28 
<212> PRT 

<213> sus sorofa (pig) 

<223> Amino acid sequence for porcine endogenous peptides of 
growth hormone secretagogue 
<400> 16 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys 

15 10 15 

Glu Ser Lys Lys Pro Ala Ala Lys Leu Lys Pro Arg 
20 25 

<210> 17 
<211> 27 
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<212> PRT 

<213> Sus scrofa (pig) 

<223> Amino acid sequence for porcine endogenous peptides (27 

amino acids) of growth hormone secretagogue 

<400>17 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Val Gin Arg Lys Glu 

15 10 15 

Ser Lys Lys Pro Ala Ala Lys Leu Lys Pro Arg 
20 25 



<210> 18 
<211> 118 
<212> PRT 

<213> Sus scrofa (pig) 

<223> Amino acid sequence for prepro-f orm of porcine endogenous 
peptides of growth hormone secretagogue 
<4po> 18 

Met Pro Ser Thr Gly Thr He Cys Ser Leu Leu Leu Leu Ser Val Leu 

1 5 10 * 15 

Lou Met Ala Asp Leu Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu 

20 25 30 

His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Ala Ala Lys 

35 40 45 

Leu Lys Pro Arg Ala Leu Glu Gly Trp Leu Gly Pro Glu Asp Ser Gly 

50 55 60 

Glu Val Glu Gly Thr Glu Asp Lys Leu Glu He Arg Phe Asn Ala Pro 
65 70 75 80 

Cys Asp Val Gly He Lys Leu Ser Gly Ala Gin Ser Asp Gin His Gly 

85 90 95 

Gin Pro Leu Gly Lys Phe Leu Gin Asp He Leu Trp Glu Glu Val Thr 

100 105 110 

Glu Ala Pro Ala Asp Lys 
115 



<210> 19 
<211> 117 
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<212> PRT 

<213> Sus scrofa (pig) 

<223> Amino acid sequence for prepro-f orm of porcine endogenous 
peptides (27 amino acids) of growth hormone secretagogue 
<400> 19 

Met Pro Ser Thr Gly Thr He Cys Ser Leu Leu Leu Leu Ser Val Leu 

IS 10 15 

Leu Met Ala Asp Leu Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu 

20 25 30 

His Gin Lys Val Gin Arg Lys Glu Ser Lys Lys Pro Ala Ala Lys Leu 

35 40 — 45 - 

Lys Pro Arg Ala Leu Glu Gly Trp Leu Gly Pro Glu Asp Ser Gly Glu 

50 55 60 

Val Glu Gly Thr Glu Asp Lys Leu Glu He Arg Phe Asn Ala Pro Cys 
^5 70 75 80 

Asp Val Gly He Lys Leu Ser Gly Ala Gin Ser Asp Gin His Gly Gin 

85 90 95 

Pro Leu Gly Lys Phe Leu Gin Asp He Leu Trp Glu Glu Val Thr Glu 

100 105 110 

Ala Pro Ala Asp Lys 
115 



<210> 20 

<211> 494 

<212> DNA 

<220> 

<221> CDS 

<222> (9).-. (362) 

<213> Sus scrofa (pig) 

<223> Base sequence of cDNA coding prepro-form of porcine 
endogenous peptides of growth hormone secretagogue 
<400> 20 

ctgaggcc atg ccc tec acg ggg acc att tgc age ctg ctg etc etc 47 
Met Pro Ser Thr Gly Thr Ho Cys Ser Leu Leu Leu Leu 
15 10 
age gtg etc etc atg gca gac ttg gee atg gcg ggc tec age tte ttg 95 
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Ser Val I*eu Leu Met Ala Asp Leu Ala Met Ala Gly Ser Ser Phe Leu 

15 20 25 

age ccc gaa cac cag aaa gtg cag cag aga aag gag tec aag aag cca 143 
Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro 
30 35 40 45 

gca gcc aaa ctg aag ccc egg gcc ctg gaa ggc tgg etc ggc cca gaa 191 
Ala Ala Lys Leu Lys Pro Arg Ala Leu Glu Gly Trp Leu Gly Pro Glu 

50 55 60 

gac agt ggt gag gtg gaa ggc acg gag gac aag ctg gaa ate egg ttc 239 
Asp Ser Gly Glu Val Glu Gly Thr Glu Asp Lys Leu Glu lie Arg Phe 

65 70 75 

aae gcc ccc tgt gat gtt ggg ate aag ttg tea ggg get cag tec gac 287 
Asn Ala Pro Cys Asp Val Gly lie Lys Leu Ser Gly Ala Gin Ser Asp 

80 85 90 

cag cac ggc cag ccc ctg ggg aaa ttt etc cag gac ate etc tgg gaa 335 
Gin His Gly Gin Pro Leu Gly Lys Phe Leu Gin Asp lie Leu Txp Glu 

95 100 105 

gag gte act gag gcc ccg gee gac aag tgattgtccc tgagaccagc 382 
Glu Val Thr Glu Ala Pro Ala Asp Lys 
110 115 

eacctetgtt cteccagcet cctaagggct eacctggctt ceaggacget tecactatea 442 
cacecagcte tgagggatgc tagectggga ggtgaataaa cattcagact gg 494 



<210> 21 

<211> 491 

<212> DNA 

<220> 

<221> CDS 

<222> (9)--. (359) 

<213> Sus scrofa (pig) 

<223> Base sequence of cDNA coding prepro-form of porcine 
endogenous peptides (27 amino acids) of growth hormone 
secretagogue 
<400> 21 

ctgaggcc atg ccc tec acg ggg ace att tgc age ctg ctg etc etc 47 
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10 



IS 



20 



25 



30 



35 



SO 



55 



Met Pro Ser Thr Gly Thr lie Cys Ser Leu Leu Leu Leu 
15 10 
age gtg ete etc atg gca gac ttg gcc atg gcg ggc tec age ttc ttg 95 
Ser Val Leu Leu Met Ala Asp Leu Ala Met Ala Gly Ser Ser Phe Leu 

15 20 25 

age cec gaa cac cag aaa gtg cag aga aag gag tec aag aag oca gca 143 
Ser Pro Glu His Gin Lys Val Gin Arg Lys Glu Ser Lys Lys Pro Ala 
^0 35 40 45 

gcc aaa ctg aag ccc egg gcc ctg gaa ggc tgg etc ggc cca gaa gac 191 
Ala Lys Leu Lys Pro Arg Ala Leu Glu Gly Trp Leu Gly Pro Glu Asp 
— - 50 

agt ggt gag gtg gaa ggc acg gag gac aag ctg gaa ate egg ttc aac 239 
Ser Gly Glu Val Glu Gly Thr Glu Asp Lys Leu Glu He Arg Phe Asn 

65 70 75 

gcc ccc tgt gat gtt ggg ate aag ttg tea ggg get cag tec gac cag 287 
Ala Pro Cys Asp Val Gly He Lys Leu Ser Gly Ala Gin Ser Asp Gin 

80 85 90 

cac ggc cag ccc ctg ggg aaa ttt etc cag gac ate etc tgg gaa gag 335 
His Gly Gin Pro Leu Gly Lys Phe Leu Gin Asp He Leu Trp Glu Glu 

95 100 105 

gtc act gag gcc ccg gcc gac aag tgattgtccc tgagaccagc 379 
Val Thr Glu Ala Pro Ala Asp Lys 
110 115 



cacctctgtt ctcccagcct cctaagggct cacctggctt ccaggacgct tccactatca 439 
40 cacccagctc tgagggatgc tagcctggga ggtgaataaa cattcagact gg 491 

<210> 22 
<211> 27 

45 

<212> PRT 

<213> Bos taurus 

<223> Amino acid sequence for bovine endogenous peptides (27 
amino acids) of growth hormone secretagogue 
<400> 22 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Glu Leu Gin Arg Lys Glu 
IS 10 15 
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Ala Lys Lys Pro Ser Gly Arg Leu Lys Pro Arg 
20 25 

<210> 23 

<211> 89 

<212> PRT 

<213> Bos taurus 

<223> Partial amino acid sequence for a prepro-form of bovine 
endogenous peptides (27 amino acids) of growth hormone 
secretagogue 

<400> 23 — 
Asp Leu Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu His Gin Glu 

1 5 10 15 

Leu Gin Arg Lys Glu Ala Lys Lys Pro Ser Gly Arg Leu Lys Pro Arg 

20 25 30 

Thr Leu Glu Gly Gin Phe Asp Phe Glu Val Gly Ser Gin Ala Glu Gly 

35 40 45 

Ala Glu Asp Glu Leu Glu lie Arg Phe Asn Ala Phe Phe Asn He Gly 

50 55 60 

He Lys Leu Ala Gly Ala Gin Ser Leu Gin His Gly Gin Thr Leu Gly 
65 70 75 80 

Lys Phe Leu Gin Asp He Leu Trp Glu 
85 

<210> 24 

<211> 267 

<212> DNA 

<220> 

<221> CDS 

<222> {!)• . (267) 

<213> Bos taurus 

<223> Base sequence of cDNA coding prepro-form of bovine 
endogenous peptides (27 amino acids) of growth hormone 
secretagogue 

<400> 24 

gac ttg gcc atg gcg ggc xcc age ttt ctg age cce gaa cat cag gaa 48 
Asp Leu Ala Met Ala Gly Ser Ser Phe Leu Ser Pro Glu His Gin Glu 
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15 10 15 

ctg cag aga aag gaa get aag aag cca tea ggc aga ctg aag ccc egg 96 
Leu Gin Arg Lys Glu Ala Lys Lys Pro Ser Gly Arg Leu Lys Pro Arg 

20 25 30 

ace ctg gaa ggc cag ttt gac cog gag gtg gga agt cag gcg gaa ggt 144 
Thr Leu Glu Gly Gin Phe Asp Phe Glu Val Gly Ser Gin Ala Glu Gly 

35 40 45 

gca gag gac gag ctg gaa ate egg ttc aac gee ccc ttt aac att ggg 192 
Ala Glu Asp Glu Leu Glu He Arg Phe Asn Ala Phe Phe Asn He Gly 

50 55 60 

ate aag eta gca ggg get cag tec etc cag cat ggc cag acg ttg ggg 240 
Ho Lys Leu Ala Gly Ala Gin Ser Leu Gin His Gly Gin Thr Lou Gly 
^5 70 75 aO 

aag ttt ctt cag gac ate etc tgg gaa 267 
Lys Phe Leu Gin Asp He Leu Trp Glu 
85 

<210> 25 
<211> 24 
<212> PRT 

<213> Callus domestlcus 

<223> Amino acid sequence for clilcken endogenous peptides of 

growth hormone secret agc^ue 
<400> 25 

Gly Ser Ser Phe Leu Ser Pro Thr Tyr Lys Asn He Gin Gin Gin Lys 

^ S 10 15 

Gly Thr Arg Lys Pro Thr Ala Arg 
20 

<210> 26 
<211> 21 
<212> PRT 

<213> Anguilla Japonica 
<220> 

<221> AMIDATION 
<222> 21 
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<223> Amino acid sequence for eel endogenous peptides of growth 
hormone secretagogue 
<400> 26 

Gly Ser Ser Phe Leu Ser Pro Ser Gin Arg Pro Gin Gly Lys Asp Lys 

15 10 15 

Lys Pro Pro Arg Val 
20 

<210> 27 
<211> 28 

<212> PRT — 
<213> Rana cafesbeiana 

<223> Amino acid sequence for frog endogenous peptides of growth 
hormone secretagogue 
<400> 27 

Gly Leu Ser Phe Leu Ser Pro Ala Glu Met Gin Lys lie Ala Glu Arg 

15 10 15 

Gin Ser Gin Asn Lys Leu Arg His Gly Asn Met Arg 

20 25 

<210> 28 
<211> 27 
<212> PRT 

<213> Xenopus laevis 

<223> Amino acid sequence for frog (Xenopus laevis) endogenous 
peptides of growth hormone secretagogue 
<400> 28 

Gly Leu Thr Phe Leu Ser Pro Ala Asp Met Gin Lys lie Ala Glu Arg 

15 10 15 

Gin Ser Gin Asn Lys Leu Arg His Gly Asn Met 
20 25 

<210> 29 
<211> 23 
<212> PRT 

<213> Oncorhynchus mykiss 
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<220> 

<221>AMIDATI0N 
<222> 23 

<223> Amino acid sequence for rainbow trout endogenous 
peptides (23 amino acids) of growth hormone secretagogue 
<400> 29 

Gly Ser Ser Phe Leu Ser Pro Ser Gin Lys Pro Gin Val Arg Gin Gly 

15 10 15 

Lys Gly Lys Pro Pro Arg Val 
20 

<210> 30 
<211> 20 
<212> PRT 

<213> Oncorhynchus myklss 
<220> 

<221> AMIDATION 
<222> 20 

<223> Amino acid sequence for rainbow trout endogenous 
peptides (20 amino acids) of growth hormone secretagogue 
<400> 30 

Gly Ser Ser Phe Leu Ser Pro Ser Gin Lys Pro Gin Gly Lys Gly Lys 

15 10 15 

Pro Paro Arg Val 
20 

<210> 31 
<211> 28 
<212> PRT 

<213> Canls famlllarls 

<223> Amino acid sequence for dog endogenous peptides of growth 
hormone secretagogue 
<400> 31 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Leu Gin Gin Arg Lys 

1 5 10 15 

Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
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20 25 

<210> 32 
<2li> 108 
<212> PRT 

<213> Angullla japonica 

<223> Amino acid sequence for prepro-form of eel endogenous 
peptides of growth hormone secretagogue 
<400> 32 

Met Lys Arg Thr Ala Tyr lie lie Leu Leu Val Cys Val Leu Ala Leu 

1 . 5 10 15 

Trp Met Asp Ser Val Gin Ala Gly Ser Ser Phe Leu Ser Pro Ser Gin 

20 25 30 

Arg Pro Gin Gly Lys Asp Lys Lys Pxo Pro Arg Val Gly Arg Arg Asp 

35 40 45 

Ser Asp Gly lie Leu Asp Leu Phe Met Arg Pro Pro Leu Gin Asp Glu 

50 55 60 

Asp lie Arg His lie Thr Phe Asti Tlir Pro Phe Glu lie Gly lie Thr 

65 70 75 80 

Met Thr Glu Glu Leu Phe Gin Gin Tyr Gly Glu Val Met Gin Lys lie 

65 90 95 

Met Gin Asp Leu Leu Met Asp Thr Pro Ala Lys Glu 
100 105 



<210> 33 
<211> 114 
<212> PRT 

<213> Xenopus laevls 

<223> Amino acid sequence frog (Xenopus laevis) endogenous 

peptides of growth hormone secretagogue 

<400>33 

Met Asn Phe Gly Lys Ala Ala lie Phe Gly Val Val Leu Phe Cys Leu 

15 10 15 

Leu Trp Thr Glu Gly Ala Gin Ala Gly Leu Thr Phe Leu Ser Pro Ala 

20 25 30 

Asp Met Gin Lys He Ala Glu Arg Gin Ser Gin Asn Lys Leu Arg His 
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10 



15 



20 



25 



35 



40 



SO 



55 



35 40 45 

Gly Asn Met Asn Arg Arg Gly Val Glu Asp Asp Leu Ala Gly Glu Glu 

50 55 eo 

lie Gly Val Thr Phe Pro Leu Asp Met Lys Met Thr Gin Glu Gin Phe 

^5 70 75 gQ 

Gin Lys Gin Arg Ala Ala Val Gin Asp Phe Leu Tyr Ser Ser Leu Leu 

85 90 95 

Ser Leu Gly Ser Val Gin Asp Thr Glu Asp Lys Asn Glu Asn Pro Gin 
100 105 110 

Ser Gin 



<210> 34 
<211> 82 
<212> PRT 

<213> Oncorhynchus myklss 

<223> Amino acid sequence for prepro-form of rainbow trout 
endogenous peptides (23 amino acids) of growth hormone 
secretagogue 
so <400>34 

Met lie Leu Met Leu Cys Thr Leu Ala Leu Trp Ala Lys Ser Val Ser 

^5 10 15 

Ala Gly Ser Ser Phe Leu Ser Pro Ser Cln Lys Pro Gin Val Arg Gin 

20 25 30 

Gly Lys Gly Lys Pro Pro Arg Val Gly Arg Arg Asp lie Glu Ser Phe 

35 40 45 

Ala Glu Leu Phe Glu Gly Pro Leu His Gin Glu Asp Lys His Asn Thr 

50 55 60 

lie Lys Ala Pro Phe Glu Met Gly He Thr Mot Ser Glu Glu Glu Phe 
45 65 70 75 80 

Gin Glu 



<210> 35 
<211> 99 
<212> PRT 

<213> Oncorhynchus myklss 

<223> Amino acid sequence for prepro-form of rainbow trout 
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10 



15 



endogenous peptides (20 amino acids) of growth hormone 
secretagogue 
<400>35 

Met lie Leu Met Leu Cys Thr Leu Ala Leu Trp Ala Lys Ser Val Ser 

1 5 10 15 

Ala Gly Ser Ser Phe Leu Ser Pro Ser Gin Lys Pro Gin Gly Lys Gly 

20 25 30 

Lys Pro Pro Arg Val Gly Arg Arg Asp He Glu Ser Phe Ala Glu Leu 

35 40 45 

Phe Glu Gly Pro Leu His Gin Glu Asp Lys His Asn Ttir He Lys Ala 

50 55 60 

Pro Phe Glu Met Gly He Thr Met Ser Glu Glu Glu Phe Gin Glu Tyr 
20 g3 70 . 75 80 

Gly Ala Val Leu Gin Lys He Leu Gin Asp Val Leu Gly Asp Thr Ala 
85 90 95 

25 Thr Ala Glu 

<210> 36 
<211> 503 
<212> DNA 
<220> 
<221> CDS 

<222> (66)... (389) 
<213> Anguilla Japonica 

<223> Base sequence of cDNA coding prepro-form of eel 
40 endogenous peptides of growth hormone secretagogue 
<400> 36 

tccaagaggc actgggtttc ctcttaaagt gcaaaactcc actgtgagct tcagacatga 60 



30 



45 



SO 



55 



ggcag atg aaa cgc acc gca tac ate ate ctg ctg gtc tgc gtc ctg 107 
Met Lys Arg Thr Ala Tyr He He Leu Leu Val Cys Val Leu 
1 5 10 

gcg ctg tgg atg gac tot gtc cag get ggc tec age ttc etc age ccc 155 
Ala Leu Trp Met Asp Ser Val Gin Ala Gly Ser Ser Phe Leu Ser Pro 
15 20 25 30 

tea cag aga ccg cag ggg aag gat aag aag cct ccc agg gtt ggc aga 203 
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Ser Gin Arg Pro Gin Gly Lys Asp Lys Lys Pro Pro Arg Val Gly Arg 

35 40 45 

cga gac tea gat ggg ate ctg gac ctg ttt atg agg ccc cca ttg cag 251 
Arg Asp Ser Asp Gly He Leu Asp Leu Phe Met Arg Pro Pro Leu Gin 

50 55 60 

gat gaa gac ate aga cac att acg ttt aac act cct ttt gag ate ggg 299 
Asp Glu Asp He Arg His He Thr Phe Asn Thr Pro Phe Glu He Gly 

65 70 75 

ate acc atg act gag gag ctg ttc cag caa tat gga gaa gtg atg cag 34? 
He Thr Met Thr Glu Glu Leu Phe Gin Gin Tyr Gly Glu Val Met Gin 

80 85 - 90 

aag ate atg cag gat ttg ctg atg gac aca cct gcc aaa gag 389 
Lys He Met Gin Asp Leu Leu Met Asp Thr Pro Ala Lys Glu 

95 100 105 

tgacaagagt ggatatgatc tggaettcat aaaaccctgc gtcccatata ttcctgcatt 449 
attgcatgca taattcaacc aattgttaaa catttaataa aattttgcaa acgc 503 



<210> 37 

<211> 484 

<212> DNA 

<220> 

<221> CDS 

<222> (47)... (388) 

<213> Xenopus laevls 

<223> Base sequence of cDNA coding prepro-form of frog 

(Xenopus laevls) endogenous peptides of growth hormone 
s ecre t agogue 
<400> 37 

tttcactttt atctcgcagg cggcaccggt gaccaggacc ttcagg 46 



atg aat ttt ggt aaa gcc gcc ate 
Met Asn Phe Gly Lys Ala Ala He 

1 5 
ctg tgg acg gag ggg gcc cag get 
Leu Trp Thr Glu Gly Ala Gin Ala 
20 



ttt ggg gtt gtc ttg ttc tgc ctg 94 
Phe Gly Val Val Leu Phe Cys Leu 

10 15 
ggc ttg acc ttc ctg agt cca gcc 142 
Gly Leu Tlir Phe Leu Ser Pro Ala 
25 30 
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gac atg cag aag att gcg gag agg caa tea cag aat aag ctg aga cac 190 
Asp Met Gin Lys lie Ala Glu Arg Gin Ser Gin Asn Lys Leu Arg His 

35 40 45 . 

ggc aat atg aat cgc agg ggt gtg gag gat gac ctg gcc ggg gag gag 238 
Gly Asn Met Asn Arg Arg Gly Val' Glu Asp Asp Leu Ala Gly Glu Glu 

50 - 55 * 60 

ate ggg gtg acc ttc cct ctg gat atg aag atg acg cag gag cag ttc 286 
lie Gly Val Thr Phe Pro Leu Asp Met Lys Met Thr Gin Glu Gin Phe 

65 70 75 80 

cag aag cag agg get gcg gtg cag gac ttc ctg tac tec tec etc etc 334 
Gin Lys Gin Arg -Ala Ala Val Gin Asp Phe Leu Tyr Ser Ser Leu -Leu 

85 90 95 

tct etc ggg tea gtg cag gat aca gaa gac aag aat gaa aat cct cag 382 
Ser Leu Gly Ser Val Gin Asp Thr -Glu Asp Lys Asn Glu Asn Pro Gin 

100 ~ ' 105 110 

age caa tgagaatgat - gaaaatccgc -tcgtctctga tgccectccc cgatctgtgt 438. 
Ser Gin 

gtctttatta tctctgtgta aceeagaaat aaatettatt tatgge 484 

<210> 38 
<211> 462 
<212> DNA 
<220> 
<221> CDS 

<222> (12)... (257) 

<213> Oncorhynchus mykiss 

<223> Base sequence of cDNA coding prepro-form of rainbow trout: 
endogenous peptides (23 eunlno acids) of growth hormone 
secretagogue 
<400> 38 

toacaggtot e atg ata ctg atg ctg tgt act ctg get ctg tgg gee 47 
Met lie Leu Met Leu Cys Thr Leu Ala Leu Trp Ala 
15 10 
aag tea gte agt get ggc tec age ttc etc age ccc tec cag aaa cea 95 
Lys Ser Val Ser Ala Gly Ser Ser Phe Leu Ser Pro Ser Gin Lys Pro 
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15 20 25 

cag gta aga cag ggt aaa ggg aag ccc cct cga gtt ggt egg cga gao 143 
Gin Val Arg Gin Gly hys Gly Lys Pro Pro Arg Val Gly Arg Arg Asp 

30 35 40 

att gag age ttt get gag ctg ttt gag ggt ccc ctt cac cag gaa gac 191 
lie Glu Ser Phe Ala Glu Leu Phe Glu Gly Pro Leu His Gin Glu Asp 

45 50 55 60 

aaa cac aat acg ate aag get cct ttt gag atg ggc ate ace atg agt 239 
Lys His Asn Thr lie Lys Ala Pro Phe Glu Met Gly He Thr Met Ser 

65 70 75 

gag gag gag ttc cag gag tatggtgccg tgctgcagaa gatcctgcag 287 
Glu Glu Glu Phe Gin Glu 
80 

gacgtcctgg gagacactgc cactgcagaa tgatcacaae ttggcataga cacggaatac 347 
aaagaacctc cattccctgt tctccaactt tcctttctca acttgtctta tacccaatgt 407 
actgtgtgaa catcgtttga attgtaaaag atgaataaaa taaccgcggc cgcta 462 

<210> 39 
<211> 453 
<212> DNA 
<220> 
<221> CDS 

<222> (12)--. (308) 

<213> Oncorhynchus myklss 

<223> Base isequence of cDNA coding prepro-f orm of rainbow trout 
endogenous peptides (20 amino acids) of growth hormone 
s ecre t agogue 
<400> 39 

tcacaggtct c atg ata ctg atg ctg tgt act ctg get ctg tgg gee 47 
Met lie Leu Met Leu Cys Thr Leu Ala Leu Trp Ala 
15 10 
aag tea gtc agt get ggc tec age ttc etc age ccc tec cag aaa cca 95 
Lys Ser Val Ser Ala Gly Ser Ser Phe Leu Ser Pro Ser Gin Lys Pro 

15 20 25 

cag ggt aaa ggg aag ccc cct cga gtt ggt egg cga gac att gag age 143 
Gin Gly Lys Gly Lys Pro Pro Arg Val Gly Arg Arg Asp lie Glu Ser 
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30 35 40 

ttt get gag ctg ttt gag ggt ccc ctt cac cag gaa gac aaa cac aat 191 
Phe Ala Glu Leu Phe Glu Gly Pro Leu His Gin Glu Asp Lys His Asn 
45 50 55 60 

acg ate aag get cct ttt gag atg ggc ate acc atg agt gag gag gag 239 
Thr He Lys Ala Pro Phe Glu Met Gly He Thr Met Ser Glu Glu GXu 

65 70 75 

tte cag gag tat ggt gee gtg ctg cag aag ate etg cag gac gtc ctg 287 
Phe Gin Glu Tyr Gly Ala Val Leu Gin Lys He Leu Gin Asp Val Leu 

80 85 90 

gga gac act gee act gca-gaa tgatcacaac :ttggcataga cacggaatac 338 
Gly Asp Thr Ala Thr Ala Glu 
95 

aaagaacetc cattccctgt tctccaactt tcctttctea acttgtctta tacccaatgt 398 
actgtgtgaa catcgtttga attgtaaaag atgaataaaa taacactgct tcctt 453 



Claims 

1 . A peptide-type compound, wherein in a peptide having the activity of increasing the intracellular calcium ion con- 
centration, at least one amino acid is replaced by a modified amino acid and/or a non-amino acid compound, or 
a pharmaceutical ly acceptable salt thereof. 

2. The peptide-type compound according to claim 1 , which comprises (a) an amino acid sequence set forth in SEQ 
ID NO: 2 or (b) an amino acid-sequence having any one of amino acid sequences selected from the group consisting 
of 

(1) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino adds 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8, 

(6) amino acid sequence of amino acids 1 to 9, and 

(7) amino acid sequence of amino acids 1 to 1 0 

from the amino-temninal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 
outside said amino acid sequences, or a phamnaceutlcally acceptable salt thereof, 

3. The peptide-type compound according to claim 2, which comprises one amino acid sequence selected from the 
group consisting of amino acid sequences set forth in SEQ ID NOS: 3, 4, 5. 8, 9, 1 0, 1 1 , 1 2, 1 3. 1 6, 1 7. 1 8, 1 9, 22 
and 23. or a phamnaceutlcally acceptable salt thereof. 

4. The peptide-type compound according to claim 2, which comprises one amino acid sequence selected from the 
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group consisting of amino acid sequences set forth In SEQ ID NOS: 25, 26, 29, 30, 31 . 32 34 and 35 or a char 
maceuticaliy acceptable salt thereof . * 

5. A peptide-type compound, wherein in a peptide having the activity of increasing the intracellular calcium ion con- 
centration and the activity of inducing secretion of growth homione. (a) constitutional amino acids are modified or 
not modified and (b) at least one amino acid is replaced or not replaced by a non-amino acid compound or a 
phamnaceutically acceptable salt thereof. 

6. The peptide-type compound according to claim 1 or 5 which comprises amino acid sequences set forth in SEQ ID 
NOS: 27, 28 and 33, or a phannaceutically acceptable salt thereof. 

7. The peptide-type compound according to claim 5, which comprises (a) an amino acid sequence set forth in SEQ 
ID NO : 2 or(b) an ammo acid sequence having any one of amino acid sequences selected from the group consisting 

(1 ) amino acid sequence of amino acids 1 to 4, 

(2) amino acid sequence of amino acids 1 to 5, 

(3) amino acid sequence of amino acids 1 to 6, 

(4) amino acid sequence of amino acids 1 to 7, 

(5) amino acid sequence of amino acids 1 to 8, 

(6) amino acid sequence of amino acids 1 to 9, and 
(7^ amino acid sequence of amino acids 1 to 10 

from the amino-temninal in the sequence (a) and at least one amino acid deleted, replaced and/or added in a part 
outside said ammo acid sequences, or a pharmaceutically acceptable salt thereof. 

8. The peptide-type compound according to claim 7, which comprises one amino acid sequence selected from the 

groupconsistingofaminoacidsequencessetforthinSEQIDNOS:3,4,5. 8,9, 10, 11,12, 13 16 17 18 19 22 
and 23, or a pharmaceutically acceptable salt thereof. 

9. The peptide-type compound according to claim 7, which comprises one amino acid sequence selected from the 
group consistmg of ammo acid sequences set forth in SEQ ID NOS: 25. 26, 29, 30 31 32 34 and 35 or a nhar 
maceuticaliy acceptable salt thereof. ' ' ^ 

10. The peptide-type compound according to claim 1 or 5, whose amino-terminal amino acids 1 to 4 are represented 
by TonDula: 



A-B-C-D- 



wherein the symbol A is either an amino acid or a non-amino acid compound, or is missing, and the symbol B is 
either an ammo acid or a non-amino acid compound, or is missing, provided that the length of the A + B molecular 
chain IS a dipeptlde length, and the symbol C or the symbol D may be the same or different and represents (a) a 
modified amino acid, (b) an amino acid having a hydrophobic residue, or (c) an amino acid having a basic side 
chain, or a pharmaceutically acceptable salt thereof. 

11. The peptide-type compound according to claim 1 0, wherein the symbol C is a modified amino acid in which (a) a 
saturated or unsaturated alkyi chain containing one or more carbon atoms was introduced at the a carbon atom 
of the ammo acid via or not via an alkylene group containing one or more carbon atoms and via an ester ether 
thioether. amide or disulfide linkage, or (b) a saturated or unsaturated alkyI chain containing one or more 'ce«bon 
atorns was introduced at the a carbon atom of the amino acid, and the symbol D is an amino acid having a hydro- 
phobic residue, or a pharmaceutically acceptable salt thereof. 

12. A peptide-type compound, wherein in one amino acid sequence selected from the group consisting of amino acid 
sequences set forth in SEQ ID NOS: 2. 3. 9. 10. 11, 16, 17. 22. 25. 26. 27, 28. 29. 30 and 31, an amino acid 
sequence of amino-temiinal amino acids 1 to 4 is replaced by the structure of the peptide-type compound described 
in claim 1 0 or 1 1 , or a phamiaceutically-acceptable salt thereof. 
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13. The peptide-type compound according to claim 1 , 2, 3, 5, 7 or 8, wherein the modified amino acid is an amino acid 
at the 3rd position from the amino-terminal, or a phamnaceutically acceptable salt thereof. 

14. The peptide-type compound according to claim 13, wherein the amino acid in the modified amino acid is serine or 
5 cysteine, or a pharmaceutically acceptable salt thereof. 

15. The peptide-type compound according to claim 1 , 2, 3, 5, 7 or 8, which comprises a modified amino add in which 
(a) a saturated or unsaturated alkyi chain containing one or more cartDon atoms was introduced at the a cariDon 
atom of the amino acid via or not via an alkylene group containing one or more carbon atoms and via an ester, 

10 ether, thioester, thioether, amide or carbamide linkage, or (b) H or a saturated or unsaturated alkyi chain containing 

one or more carton atoms was introduced at the a carbon atom of the amino acid, or a phamiaceutically acceptable 
salt thereof. 

16. The peptide-type compound according to claim 1 , 2, 4, 5, 6, 7, 9, 10 or 12, wherein the modified amino acid is an 
15 amino acid in which (a) a saturated or unsaturated alkyi chain containing one or more carbon atoms was introduced 

at the a carbon atom via or not via an alkylene group containing one or more cartoon atonr^ and via an ester, ether, 
thioester, thioether, disulfide, amide, carbamide or thiocartsamide linkage, or (b) a saturated or unsaturated alkyi 
chain containing one or more cartoon atoms was introduced at the a carbon, or a phamriaceutteally acceptable salt 
thereof. 

20 

17. The peptide-type compound according to claim 1 , 2, 3, 5, 7 or 8, which comprises a modified amino acid modified 
with an ester linkage, or a pharmaceutically acceptable salt thereof. 

18. The peptide-type compound according to claim 1 , 2, 4, 5. 6. 7, 9, 10, 11 or 12, which comprises a modified amino 
25 acid modified by conversion of a functional group in a side chain of said amino acid into an ester linkage, or a 

phamnaceutically acceptable salt thereof. 

19. The peptide-type compound according to claim 17, which comprises an amino acid having a fatty acid bound via 
an ester linkage to a side-chain hydroxy! group of said amino acid, or a pharmaceutically acceptable salt thereof. 

30 

20. The peptide-type compound according to claim 1 8, whk:h comprises an amino acid having a fatty acid bound via 
an ester linkage to a side-chain hydroxyl group of said amino acid or via a thioester linkage to a side-chain mercapto 
group of said amino acid, or a pharmaceutically acceptable salt thereof. 

35 21 , The peptide-type compound according to claim 19, which comprises an amino acid to which a fatty acid containing 
2 to 35 cariDon atoms was bound, or a pharmaceutteally acceptable salt thereof. 

22. The peptide-type compound according to claim 20, wherein the fatty acid contains 2 to 35 carbon atoms, or a 
phannaceutically acceptable salt thereof. 

40 

23. The peptide-type compound according to claim 21 , which comprises an amino acid to which a fatty acid selected 
from the group consisting of fatty acids containing 2, 4, 6, 8, 10, 12, 14, 16 and 18 carbon atoms was bound, or a 
phannaceutically acceptable salt thereof. 

45 24. The-peptlde-type compound according to claim 22, wherein the fatty acid is a fatty acid selected from the group 
consisting of fatty acids containing 2, 4, 6, 8, 10, 12, 14, 1 6 and 1 8 carbon atoms, or a phannaceutically acceptable 
salt thereof. 

25. The peptide-type compound according to claim 23, wherein the bound fatty acid is octanoic acid, a monoene fatty 
so acid thereof or a polyene fatty acid thereof, or a phannaceutically acceptable salt thereof. 

26. The peptide-type compound according to claim 24, wherein the fatty acid is octanoic acid, a monoene fatty acid 
thereof or a polyene fatty acid thereof, or a phannaceutically acceptable salt thereof. 

55 27. The peptide-type compound according to claim 23, wherein the bound fatty acid is decanoic acid, a monoene fatty 
acid thereof or a polyene fatty acid thereof, or a phannaceutically acceptable salt thereof. 

28. The peptide-type compound according to claim 24. wherein the fatty acid is decanoic acid, a monoene fatty acid 
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thereof or a polyene fatty acid thereof, or a pharmaceutically acceptable salt thereof. 

29. A peptlde-type compound comprising a basic amino acid bound to the carboxyl-terminal of a peptide-type com- 
pound described in claims 1 to 28. 

30. The peptide-type compound according to claims 1, 2. 3, 5, 7, 8, 13, 14. 15, 1 7, 19. 21 , 23, 25 and 27, wherein the 
amino-temninal is modified with a saturated or unsaturated alkyi or acyl group containing one or more carbon 
atoms, and/or a hydroxyl group of the carboxyl-temninal carboxyl group is 02 or NR2R3 wherein 2 is a pharma- 
ceutically acceptable cation or a lower branched or linear alkyI group, and R2 and R3 are the same or different 
and represent H or a lower branched or linear alkyI group. 

31. The peptide-type compound according to claims 1, 2, 4, 5. 6, 7, 9, 10, 11, 12. 16, 18. 20. 22, 24, 26. 28 and 29, 
wherein the amino-teiminal amino group is modified by introduction of a saturated or unsaturated alkyI or acyl 
group containing one or more carbon atoms, and/or a hydroxyl group of the carboxyl-temiinal cariboxyl group is 
OZ or NR2R3 wherein Z is a phannaceutically acceptable cation or a lower branched or linear alkyI group, and 
R2 and R3 are the same or different and represent H or a lower branched or linear alkyI group. 

32. A peptide-type compound comprising a basic group introduced into a caitjoxyl-terminal amide derivative of a pep- 
tide-type compound described in daim 30 or 31 . 

A phamiaceutical composition comprising a peptide-type compound described in claims 1 to 32 or a phamiaceu- 
ttcally acceptable salt thereof as an active ingredient. 



33. 



34. A pharmaceutical composition for treatment of diseases attributable to a defect or decrease in growth hormone, 
which comprises a peptide-type compound described in claims 1 to 32 or a phamiaceutical ly acceptable salt thereof 
as an active ingredient. 

35. A pharmaceutical composition for treatment of diseases not attributable to a defect or decrease in growth hormone 
which comprises an agent for treating diseases not attributable to a defect or decrease in growth hormone and a 
peptide-type compound described in claims 1 to 32 or a pharmaceutically acceptable salt thereof. 

36. A pharmaceutical composition according to claims 33 to 36, which is applied to animals other than human beings. 

37. A method for treatment of diseases attributable to a defect or decrease in growth homione, which comprises 
administering a phamriaceutical composition comprising a peptide-type compound described in claims 1 to 32 or 
a pharmaceutically acceptable salt thereof as an active ingredient. 

38. A method for treatment of diseases not attributable to a defect or decrease in growth hormone, which comprises 
administering an agent for treating diseases not attributable to a defect or decrease in growth hormone and a 
peptide-type compound described in claims 1 to 32 or a pharmaceutically acceptable salt thereof. 

39. The treatment method according to claims 37 to 38. which is applied to animals other than human beings. 

40. A DNA coding for an amino acid sequence of a peptide-type compound described in claims 1 to 32, which comprises 
a nucleotide sequence coding for a peptide containing an amino acid sequence recognizing at least one modifiable 
amino acid in the amino acid sequence encoded by said DNA. 

41. The DNA according to claim 40, wherein the nucleotide sequence is one nucleotide sequence selected from the 
group consisting of nucleotide sequences set forth in SEQ ID NOS: 6, 7, 14, 15, 20, 21, 24, 36. 37, 38 and 39. 

42. The DNA according to claim 40. wherein the nucleotide sequence is an amino acid-coding nucleotide sequence 
in one nucleotide sequence selected from the group consisting of nucleotide sequences set forth in SEQ ID NOS* 
6. 7, 14. 15. 20. 21 , 24, 36, 37. 38 and 39. 

43. A vector comprising a DNA described in claims 40 to 42. 

44. Cells comprising the vector described in claim 43. 
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45 Cells comprising a DNA described In clainns 40 to 42, wherein a peptide-type compound having an amino acid 
sequence encoded by said DNA can be produced as a peptide-type compound having at least one ammo acid 
modified In said amino acid sequence. 

5 46. An anttoody against a peptide-type compound described in claims 1 to 32. 

47. A method for assaying a peptide-type compound described In claims 1 to 32, which comprises using the antibody 
described in claim 46 to detect the peptide-type compound described in claims 1 to 32. 

10 48. A kit for detecting a peptide-type compound described in claims 1 to 32, which comprises using the antibody 
described In claim 46 to detect the peptide-type compound described in claims 1 to 32. 

49 A method for producing a peptide-type compound described in claims 1 to 32 by genetic recombination technology, 
' which comprises transforming a vector containing a DNA described in claims 40 to 42 Into host cells capable of 

15 modifying a side chain of at least one amino acid in said peptide, then culturing the resulting transformed cells and 

recovering the desired peptide-type compound from the culture. 

50 A method for producing a peptide-type compou nd described In claims 1 to 32 by genetic recombination technology. 
' which comprises transforming a vector containing a DNA described In claims 40 to 42 Into host cells, then culturing 

20 the resulting transfomied cells and recovering the desired peptide-type compound from the culture, followed by 

chemically modifying an arbitrary amino acid thereof. 

51 A method for producing a peptide-type compound described in claims 1 9 to 28 by genetic recombination technol- 
" ogy which comprises using cells having the activity of binding a fatty acid via an ester linkage to a side-chain 

25 hydroxyl group of an amino acid or via a thioester linkage to a side-chain mercapto group of an amino acid in the 

peptide-type compound. 

52 A method for producing a peptide-type compound described in claims 1 9 to 28, which comprises using cells having 
the serine acylation activity of binding a fatty acid via an ester linkage to a side-chain hydroxyl group of serine in 

30 the amino acid sequence set forth in SEQ ID NO: 8. 

53 A method for producing a peptide-type compound described in claims 1 9 to 28. which comprises using cells having 
' the acylation activity of binding a fatty acid via an ester linkage to a side-chain hydroxyl group of threonine in the 

amino acid sequence set forth In SEQ ID NO: 28. 



35 
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54 A pharmaceutical composition for gene therapy for treatment of diseases attributable to a defect or decrease in 
" growth hormone, which comprises integrating a vector containing a DNA coding for an amino acid sequence of a 

peptide-type compound described in claims 1 to 32 into cells in a living body and expressing a peptide with at least 
one modified amino acid, the peptide having the activity of increasing the Intracellular calcium ion concentration. 

55 A method for treatment of diseases attributable to a defect or decrease in growth honnone, whteh comprises 
integrating a vector containing a DNA coding for an amino acid sequence of a peptide-type compound described 
in claims 1 to 32 into cells in a living body enabling a peptide having an amino acid sequence encoded by said 
DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino acid 

45 in said amino acid sequence, whereby a peptide having the activity of inducing growth homnone Is expressed. 

56 A pharmaceutical composition for gene therapy for treatment of diseases not attributable to a defect or decrease 
" in growth homione. which comprises integrating a vector containing a DNA coding for an amino acid sequence of 

a peptide-type compound described in claims 1 to 32 into cells in a living body and expressing a peptide with at 
50 least one modified amino acid, the peptide having the activity of increasing the intracellular calcium ion concen- 

tration. 

57 A method for treatment of diseases not attributable to a defect or decrease in growth honmone, which comprises 
integrating a vector containing a DNA coding for an amino acid sequence of a peptide-type compound described 

55 In claims 1 to 32 into cells in a living body enabling a peptide having an amino acid sequence encoded by said 

DNA to be produced as a peptide having an amino acid sequence recognizing at least one modifiable amino acid 
in said amino acid sequence, whereby a peptide having the activity of inducing growth honnone is expressed. 
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Fig. 3 
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Fig. 5 
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